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EDUARD STRASBURGER 
DUARD GOTTLIEB STRASBURGER (1844-1912) was born in 


Warsaw where he received his early education. Then followed two years 
of study at the Sorbonne (1862-1864) and his entrance into the University of 
Bonn. At Bonn he studied under HERMANN SCHACHT, receiving excellent 
technical training, and he heard lectures of JuLrus von Sacus. The death of 
SCHACHT appears to have determined his acceptance of an assistantship un- 
der PRINGSHEIM at Jena where he took his doctorate in 1866. At Jena, 
STRASBURGER had the benefit of the critical mind of PRINGSHEIM and through 
intimate association with ErNst HAEcKEL, ten years his senior, he became 
enthusiastic over the problems set by Darwin. 

STRASBURGER began his career as a teacher in 1867 as Docent at the Uni- 
versity of Warsaw. From Warsaw in 1869, largely through the influence of 
HAECKEL, he was called to Jena and in 1871 at the age of 27 years he won 
his independent professorship. In 1880, STRASBURGER, as successor to HAN- 
STEIN, accepted a call to Bonn. There for 32 years he led his very busy life 
with quarters in an old palace in the suburb of Poppelsdorf, his home and 
laboratories in the same building, and a fine old garden within the palace 
walls. There many foreign students came to him, and of the long list, more 
than one-half were from America—CAMPBELL, HUMPHREY, PEIRCE, HARPER, 
MotTTIER, OSTERHOUT, SWINGLE, FAIRCHILD, SHAW, Davis, W. C. STEVENS, 
LLoyp, CHAMBERLAIN, F. L. STEVENS, ALLEN, OVERTON, OLIVE, DUGGAR, 
COKER. 

STRASBURGER traveled little and except for vacations frequently spent 
on the Riviera his life was one of planned routine covering a program faith- 
fully followed through many years. Of this, his personal research and that of 
his students came first in importance, but there were also the series of lectures 
carefully developed and brilliantly delivered, and much attention must have 
been given to the textbooks that were carried with constant revision and ex- 
pansion through the latter years of his life. His “ Botanisches Praktikum ” 
(1884) has done untold service through its information on laboratory ma- 
terial and plant microtechnique. Also important is the “Lehrbuch der 
Botanik ”” (1894) founded by STRASBURGER with Nott, SCHENK, and 
SCHIMPER as co-authors. This famous text, frequently revised, has been con- 
tinued by a succession of well-known German botanists and is the best of its 
character. It is remarkable that STRASBURGER so filled with the spirit of re- 
search maintained such practical interests in botanical education. 

The research of StTRASBURGER falls into periods as would be expected of a 
man with broad interests living in times of great and rapid botanical develop- 
ment. HoFMEISTER had opened the fields of study dealing with the homologies 
between cryptogams and phanerogams and STRASBURGER early published on 
the life histories and reproduction of liverworts, ferns, and gymnosperms. He 
was the first to recognize the homologies of eggs, archegonia, and the embryo 
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sac in the conifers (1869). Out of this earlier work came the important con- 
tribution “ Die Angiospermen und die Gymnospermen” (1879) clarifying 
relationships of reproductive organs and the sexual generations in these great 
groups. 

STRASBURGER’S interests led to research on the structure of the cell wall 
and the manner of its formation and to studies on the structure and functions 
of fibrovascular bundles. Results were assembled in one of the larger of 
STRASBURGER’S books, “‘ Ueber den Bau und das Wachsthum der Zellhaute ” 
1882, a work that ranks high in the literature on plant anatomy. StRas- 
BURGER with others expressed disagreement with the view of NAGELI on 
invisible structure of organized bodies. 

It was in the field of cytology that StRASBURGER made his most notable 
contributions to the groundwork of biology. He lived contemporaneously with 
O. Hertwic, VAN BENEDEN and FLEMMING and was the outstanding 
botanist of that period active in cytological research. Independently, with O. 
HeErtwic, he placed the idioplasm of NAGELI in the substance of the nucleus 
(chromatin) through which inheritance was transmitted (1884). Thus with 
Hertwic he laid the cornerstone of the chromosome theory of inheritance. 
He proposed the term cytoplasm in contrast to nucleoplasm (Karyoplasm). 
The first to report details of mitosis in plant material, STRASBURGER published 
continuously on this subject through the years as conclusions became more 
clear with the development of microtechnique. Results were assembled from 
time to time in larger contributions as viewpoints changed, for STRASBURGER 
was quick to give up a position if the progress of research rendered it un- 
tenable. Such a work was “ Zellbildung und Zellteilung” which passed 
through several editions. 

At one period, STRASBURGER devoted much time, together with that of his 
students, to research on organs of the cell associated with his hypothetical 
kinoplasm (archiplasm) in contrast to trophoplasm. This involved research 
on spindle development, centrosomes and cilia formation. Some of his con- 
clusions have not held and the term kinoplasm has proved to be of descriptive 
value in cell organography rather than the designation of a type of proto- 
plasmic organization. This research was assembled in the important contri- 
bution “ Ueber Reduktionsteilung, Spindelbildung, Centrosomen und Cilien- 
bildner im Pflanzenreich ” 1900. 

E. Overton in 1893 following certain studies expressed the view “ that 
the alternation of generations, which is so remarkable a feature in the life 
history of plants, is dependent on a change in the configuration of the idio- 
plasm; a change the outward and visible sign of which is the difference in 
the number of nuclear chromosomes in the two generations.” STRASBURGER 
in 1894 published the paper “The periodic reduction of the number of 
chromosomes in the life history of living organisms.” This was an important 
contribution which greatly helped to clear the way for an understanding of 
the relations between haploid and diploid generations and their sequence in 
the evolution of plants. StrRAsBURGER became one of the foremost advocates 
of the theory of antithetic alternation of generations. 
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Some of the most important contributions of STRASBURGER to fundamentals 
of cytology and genetics are associated with interpretations of the events of 
meiosis. He became very active in research on the history of the chromo- 
somes, and inevitably was drawn into the discussions of the period as on the 
individuality of the chromosome, the significance of synapsis and disjunction, 
parasynapsis versus telosynapsis, the question of the possible transverse di- 
vision of a chromosome, and other controversial matters. His papers appeared 
frequently and when sometimes forced to change position, he did so without 
hesitation. He never lost his interest in the significance of genetically and 
morphologically different generations in the life histories of lower plants. 
STRASBURGER died too early (1912) to have known the results of later, more 
detailed research on chromosome structure with their bearings on the findings 
of genetics. 

As would be expected, STRASBURGER was drawn into research on the prob- 
lems of sex determination and sex inheritance and in the latter years of his 
life he published a number of important papers describing studies on Elodea, 
Mercurialis, Sphaerocarpus and other plants. There were two lengthy dis- 
cussions notable since they expressed STRASBURGER’s views, shortly before 
his death, on some fundamental problems of biology—* Zeitpunkt der Be- 
stimmung des Geschlechts, Apogamie, Parthenogenesis und Reduktionsteil- 
ung” (1909), and “ Ueber geschlechtsbestimmende Ursachen” (1910). 
STRASBURGER’S position was in agreement with those who held that sex was 
determined by events of segregation and thus was an expression of in- 
heritance. 

Very great was the impress of STRASBURGER’s activities on the amount of 
work accomplished. Skillful technique gave service to an inquiring and at 
the same time keenly analytical mind. There was interest in all of the larger 
biological problems of his day and important contributions were made to 
many of them. 

On the personal side, my memories are of a kindly leader of his students, 
quick to appreciate what they had to offer, shrewd in his criticism but patient, 
humor in his glance, never brusque, always quiet in manner. It should be re- 
membered that his father and mother, although of German cultural back- 
ground, lived in Poland and that his early life was spent in Warsaw. 


Brapiey M. Davis 














ON THE ORIGIN AND GENETIC BEHAVIOR OF A NEW 
MUTATION (#2) AT A MUTABLE LOCUS IN THE MOUSE! 


L. C. DUNN anp S. GLUECKSOHN-WAELSCH 


Columbia University, New York 
Received April 3, 1950 


T has been pointed out recently (DUNN and GLUECKSOHN-SCHOEN- 
HEIMER 1950) that the locus in chromosome IX of the house mouse which 
is marked by the mutation T (Brachyury or short tail) is relatively unstable. 
In balanced lines containing two lethals at this locus (such as T/t® or T/#} 
tailless) exceptions are occasionally found which are normal-tailed instead 
of tailless. Tests of exceptions of this sort which occurred in our balanced 
stocks have shown that in each case the exception has a ¢t type mutation which 
resembles that in the parents in interacting specifically with T to produce 
taillessness, but differs from the parental mutant in forming a viable normal 
individual, such as ¢°/t” instead of an inviable, abnormal one, such as (°/?°. 
In the case of each exception the questions arise (1) whether the new ¢ type 
mutation is an allele of the parental type and if so whether it represents a 
novel change at this locus or the recurrence of one which has already been 
recorded; (2) whether the new mutation retains the peculiarity of the pa- 
rental ¢ chromosome in preventing recombination in the immediate neighbor- 
hood of T (DuNN and Caspari 1945) due probably to an inverted section; 
(3) whether it shares also some of the other peculiarities of t type mutations 
in lethal effect, production of non-random segregation in the male, sterility of 
male compounds ?¢°/t" and other effects (DUNN and GLUECKSOHN-SCHOEN- 
HEIMER 1943). The questions primarily at issue in such analyses concern the 
mode of origin and degree of resemblance of mutations which are apparently 
unilocal, yet show complementary effects with each other, indicating com- 
plexity of the locus within which qualitatively different processes are deter- 
mined. In the present paper, the questions are examined as they pertain to 
the first of the new exceptions at this locus to be extensively analyzed. 


THE OCCURRENCE OF MUTATION f? 


The inbred Line 29 originally obtained from Pror. DosBrovotsKara- 
ZAVADSKAIA in 1933 and described by her pupil Korozierr (1935) normally 
breeds true and produces only tailless offspring. It is known to produce three 
classes of offspring, T/T which die as embryos at 10% days, t'/t? which 
die before implantation, and 7/t' which survive. Line 29 animals are there- 
fore T/t! and recombination between T and ¢' does not occur. However, 
from one mating of 7T/t' x T/t', a litter was born which consisted of three 
tailless and one normal offspring, a female. Continued breeding of this pair 


1 This work was aided by a grant from the AMERICAN CANCER SOCIETY, recommended 
by the CoMMITTEE ON GROWTH. 
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of parents and of the father by all of his sisters and a daughter produced the 
results in table 1. No further exceptions were found in a total of 98 off- 
spring. The exceptional female as shown below contained a mutation (t*) 
and became the ancestor of a new tailless Line 3. 














TABLE ° 
Results of matings of tailless 3 151 /t*) to tailless sisters (T/t1), 
Offspring 

Q s Normal-tailed Tailless 
15167 15169 tg 33 
15168 15169 oe 17 
15166 15169 eas 14 
15170 15169 aoe 20 
15327 15169 sas 13 
All QQ 15169 1 97 





* © 15978; for test results see table 2. 


The tailless parents which gave rise to the exception had been derived 
from the progeny of an outcross of Line 29 tailless to a normal mouse, made 
in order to save the tailless line from extinction. The immediate parents of the 
tailless animals which produced the exception were thus +/t'@x T/+é. It 
is unlikely, however, that the mutation ¢* was introduced from the normal 
stock since both parents of the exception bred as though they were T/#* 
(table 1, line 1). It is more likely that a mutation ¢' to ¢* occurred in a cell 
ancestral to at least one gamete of one of the parents of the exception. 

Breeding tests of the exceptional normal-tailed female showed that it was 


neither a recombination (++/+t!) nor a phenotypic deviant of genotype 7/#? 
since when crossed to Brachy 7/+ it produced only normal-tailed and tail- 


less progeny (table 2); and the tailless progeny were shown to consist of 


TABLE 2 
Results of mating tests of exceptional normal-tailed female (15978) t4/t3. 











Offspring 
Q é Normal-tailed Tailless Total 
15978 normal T/t! 5 1 6 
15978 normal T/+ 20 18 38 





two genotypes 7/t' and 7/t®. This was deduced from the results of test 
crossing one of these tailless progeny by the parent stock (7//t') ; it produced 
six tailless and three normal. The same animal tested by tailless Line A 
(T/t®) produced 3 tailless and 2 normal, showing that it must contain a 
mutation different from either ¢® or ¢'. Its genotype was assumed to be 7/#® 
(#2 had been shown to be indistinguishable from ¢', cf. DUNN 1939). 

Some of the tailless offspring of the father ( ¢ 15169) of the exception 
bred to his sisters (table 1) were also tested to determine whether all were 
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T/t!. These tests are summarized in table 3. Of the 18 animals tested in mat- 
ings with each other, one gave both tailless and normal offspring; and this 
female ( 2 16102) produced some normal progeny. both by her tailless brother 
and by a Line 29 male (7/t'). This proved her to carry a mutation different 
from ¢' since in combination with ¢' it produced a normal tail. Of the 18 tail- 
less offspring of 15169, 17 were probably T/t! while one ( ¢ 16102) was 
T/t". This new ¢t mutation also behaved like ¢*, so that it is probable that 
é 15169 transmitted ¢* to two of his 116 offspring (2 15978 t'/t®; @ 16102 
T/t®). Thus, at least two of the 58 ¢ gametes from him which were tested 
were not ¢! but ¢’. Either ¢ was subject to a high mutation rate in the sperm 
of ¢ 15169, or else the mutation to f* occurred before the last meiotic division 
resulting in a mosaic gonad, and was thus included in more than one sperm. 


TABLE 3 
Tests of tailless offspring of 3 15169 tailless Line 29 (T/t!) x tailless test mates. 











Offs pring 
F tailless x Tailless test mates Norm:.al-tailed Tailless Genotype 

Q 16099 x ¢ 16101 (T/t?) wee 27* rie 
Q 16099 x d Line 29 (T/t!) ie 2 

Q 16102 x ¢ 16101 (T/t?) 8 3 T/3 
Q 16102 x 5 Line 29 (T/t!) 5 8 

Q 15822 x ¢ 16101 (T/t!) a 11 T/t! 
$ 16101 x QQ Line 29 (T/t!) awe 27 T/t 
3 15979 x QQ Line 29 (T/t}) sas 13 T/A! 
$ 16130 x 4 QQ (daughters) svi 20 5 T/tl 
$ 16152 x 2 QQ (daughters) ee 36 3 T/tl 
3 16491 x 2 QQ (daughters) res 22 3 T/tl 
$ 16724 x 2 QQ (daughters) bi 7 3 T/tl 


Total: 18 tailless offspring of 5 15169. 17 = T/tl; 1 = T/t3 





* One of these, d 17178, proved to be T/t? since when tested by T/t! he gave 3 
tailless and 1 normal-tailed offspring. 
Daughters of d 15169. 


It is not possible on the basis of our data to decide between these alterna- 
tives. However, it is interesting to note that the same phenomenon repeated 
itself with some tailless offspring of ¢ 15169 which although genetically 
proved to be 7’/t', transmitted ¢*® as well. 

The mating of $ 16101 and ? 16099 (both tailless offspring of ¢ 15169) 
produced 27 tailless offspring (table 3). One of these ( ¢ 17178) turned out 
to be 7/t®. He gave one normal and three tailless offspring by a tailless 
female 7/t', and three normal and eight tailless offspring by tailless females 
T/t®. The tests of the father of ¢ 17178 (4 16101) had shown him to be 
T/t' (table 3). The mother (16099) did not have an adequate test by Line 
29 7T/t' (only 2 tailless offspring) ; however, in matings to ¢ 16101 (7/# 
by test) she behaved as T/t' giving 27 tailless offspring. Thus, ¢ 17178 
owes its genotype 7/t* either to a mutant gamete from one of the parents or 


to the fact that one parent is a gonadal mosaic. Again, it is not possible here 
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to decide between these alternatives, one of which supposes an unusually high 
mutation rate, the other one hereditary transmission of gonadal mosaicism. 
In any case, the new mutations derived from ¢ 15169 (through his daughters 
15978 and 16102) appear to be the same. The description of the breeding 
behavior of the new mutation, as given below, is based upon experiments with 
stock derived from outcrosses of 15978, 16102 and 17178 by T/+. 


BREEDING BEHAVIOR OF THE NEW TAILLESS LINE 3, 7/t® 


Tailless animals which had been proved, in test crosses with 7/t!, to be 
T/t® were bred together and tested by Brachy (7T/+) and normal (+/+). 
The results are shown in table 4. The inter se matings of “ tailless”’ (row 1) 
comprise approximately the first three generations of inbreeding, usually 
brother x sister, following extraction of 7/t®. Included under “ tailless”’ are 
occasional animals with a short bony stump or, rarely, a tail up to 4 of the 
normal length. These, as in the case of similar exceptions found in tailless 
Lines A and 29, are apparently phenotypic variants of the genotype 7/¢*. 

In Line 3, matings of tailless by tailless produced 270 tailless and 108 
normal-tailed offspring. If the parents are 7/t*, and if ¢*, like ¢°, #1, and #°, 
shows no recombination with T, then three classes of progeny should be pro- 
duced: T/T (known to die as 10-11-day embryos), 7/f* tailless, and ¢*/¢°. 
This would mean that ¢*/t*, unlike previous f-alleles, is viable when homozy- 
gous. These assumptions are readily tested by mating such normal-tailed 
animals with Brachys (table 4, rows 7 and 8). Both males and females are 
fertile and produce in such tests only normal (+/f*) and 7/t* offspring. The 
four exceptions were animals with short tails like the occasional exceptions 
found in 7/t® and were probably phenotypic variants of T/t® and not recom- 
binations. Extracted ¢°/t® bred true when inbred (row 6). In general, the 
tails of these were normal or nearly so but many of them were blunter than 
normal, and there were occasional kinks and other irregularities. Although 
no special studies of this point have yet been made, it is our impression that 
t?/t®, especially in certain combinations, does have a slight effect on tail length 
and is perhaps more subject to the irregularities which are seen with greater 
rarity in “ normal-tailed ” stocks. 

The ratio in which ¢* segregates from + or from T is less easy to test due 
to unknown viability effects of #® and lack of stocks segregating for ¢* but 
otherwise isogenic. However, it is evident that 7/t® females when tested by 
normal males (row 3) produce about equal numbers of normal (+/#*) and 
Brachy (7T/+) offspring, indicating normal segregation of T and ¢*. The one 
exceptional tailless offspring was a phenotypic variant of T/+. When T/t® 
males are tested by normal females, again normal (+/t*) and Brachy (+/T) 
offspring (including one tailless) are produced but now there is an excess of 
3rachy. The excess is barely significant (p = .04), yet what is interesting is 
that there is no excess of normal-tailed offspring such as occurs in similar 
tests with T/t®, T/t! and T/t? males. Apart from demonstrating this fact, we 
shall not further analyze the segregation ratios from T/t® males, since it has 
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been found that the ratio of T to ¢" in sperms (but not in eggs) is subject to 
non-random fluctuation (cluster phenomenon of DuNnN 1939) in T/t® as well 
as in T/t®, T/t', T/t? and a special study is being made of this. 

As for further tests, the results of matings of Line 3 tailless by Brachy 
(table 4, rows 4 and 5) conform to expectation qualitatively, but the numbers 
are too low to serve as tests of ratios. 

As a whole, the data support the assumptions that the new mutation # 
reacts with T to form a tailless phenotype, is recessive to + in its effect on 
the tail, and shows no recombination with T. In these respects it resembles 
t°, t1, and ¢?. Unlike the earlier mutations, however, it is viable when homozy- 
gous, and does not appear in more than half of the sperms from 7/#*. 


RELATION OF ¢® TO EARLIER ¢ ALLELES 
In table 5 the results of crosses of animals of tailless Line 3 (T/t®) by the 
older tailless Lines A (T/t®) and 29 (T/t!) are shown. In view of the devia- 


TABLE 5 
Tests of t3 by older alleles, t9 and t!. 














Parental types Offs pring 
Females Males Normal Tailless 
1) tailless (T/t3) x tailless (T/t!) 48 54 
2) tailless (T/t!) x tailless (T/t3) 1l 58 
3) tailless (T/t?) x tailless (T/t®) 44 66 
4) tailless (T/t9) x tailless (T/t3) 31 82 
5) normal tail (¢3/t!)' x Beachy (T/+) 272 213 
6) normal tail (¢3/t9)* x Brachy (T/+) 86 88 
7) Brachy (T/+) X normal tail (t9/t3)* 53 46 
8) Brachy (T/+) X normal tail (¢1/t3)* 31 31 





*From cross 3. 
t From cross l, 


tions of gametic segregation from the 1:1 ratio, it is difficult, if not impos- 
sible, to predict the ratios of normal-tailed to tailless offspring. In the crosses 
of females of tailless Line 3 (7/t*) by males of either Line A (7/t®) or 29 
(T/t'), there is an apparent deficiency of tailless offspring; with normal 
segregation, ratios of two tailless to one normal are expected while actually 
the numbers formed are 54 tailless and 48 normal in the cross of Line 29 x 
Line 3, and 66 tailless to 44 normal in the cross by Line A x Line 3. In the 
reciprocal crosses there is a definite deficiency of normal-tailed progeny in the 
matings of females of Line 29 by males of Line 3, that is, a deviation in the 
opposite direction. There is no deviation in the ratio of tailless to normal- 
tailed offspring in the matings of females of Line A by males of Line 3. 

The normal-tailed female offspring obtained from the above crosses were 
tested in matings to Brachyury males (7T/+). Table 5, rows 5 and 6, show the 
results of these matings, which correspond fairly well to the 1:1 ratio of tail- 
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less to normal-tailed offspring expected. The absence of Brachyury offspring 
from these matings shows the failure of recombination in ¢°/t® and ¢'/é 
females, and indicates that ¢* behaves as an allele of ¢® and ¢? which had been 
shown to act as alleles of each other (DUNN and GLUECKSOHN-SCHOEN- 
HEIMER 1943). The deficiency of tailless females in row 5 is significant and 
is probably due to lowered viability, but no further study of this has been 
made. 

Males of the genotypes ¢'/t® and ¢°/t® are sterile or quasi-sterile and studies 
of these will be published separately. It can be stated here, however, that 
when offspring are obtained from matings of ¢°/t® and #/#®? by Brachy 
females, no evidence of recombination of f° or ¢ with ¢* is found (table 5, 
rows 7 and 8). Thus males, in which the ¢ alleles show cumulative rather 
than complementary action in respect to sterility behave like the females in 
respect to recombination. 

The total amount of information on recombination of ¢* with T, ?, # is 
summarized in table 6. In these tests half of the recombinants, those without 


TABLE 6 


Summary of recombination data on tests involving 13, 











Test cross Non-recombinants Reference 

Q t1/t3 x T/+ 38 table 1 
Q 3/13 x T/+ 336* 4 
3 13/1? x T/+ 46 oe | 
Q t1/13 x T/+ 485 ae. 
$1113 x T/+ 62 ” § 
Q 19/3 x T/+ 174 lair 
S 10/43 x T/+ 99 co 
OTA x T/3 378 ” 4 
Total 1,618 





*Includes 4 phenotypic overlaps of recombinant type. 


a mutant at T locus, could be detected as short-tailed (Brachy) individuals 
in the upper 7 test crosses in table 6 or as Brachy or normal exceptions in the 
lowest test cross. The frequency of recombination can thus be stated as none 
in 809 tested gametes. This number is sufficient to give a likelihood of .05 
to a recombination value of .5 percent, consequently is competent to detect 
such a recombination value but not lower values. Taken together with its 
interaction with 7, this indicates it is probably unilocal with T and other ¢ 
alleles. 

Experiments are in progress to determine whether f°, like ¢®, t', and ¢ pre- 
vents recombination at loci near to T (DUNN and Caspart 1945). 


DISCUSSION 


The features of chief interest in the data reported are those concerned with 
the interactions between mutations at the same locus, since these provide 
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information as to the kind and degree of differentiation of which the locus is 
capable. In the present instance the evidence seems good that the mutation 
reported is actually new and not due to recombination of nearby elements. 
The fact that the new mutation is viable and fertile when homozygous serves 
to distinguish it from previous mutations ¢°, t', ¢?, with which it has several 
other effects in common. Its allelism with T, ¢°, and ¢' is not conclusively 
proved, since very small percentages of recombination of ¢* with these have 
not been excluded ; but because of its origin, and its similarity with ¢° and f', 
it is most reasonable to treat it as an allelic alteration of the same locus, as- 
suming that the locus is a complex one (DUNN and GLUECKSOHN-SCHOEN- 
HEIMER 1950). 

The mode of origin of f* is not entirely clear since it appears to have arisen 
at least twice in premeiotic cells of related individuals. It is very difficult to 
rule out the possibility that because of irregularities in segregation and via- 
bility effects of such mutations, it may have been present in some individuals 
which failed to reveal it by the usual tests so that the negative result of a test, 
such as those reported in table 3 may not be conclusive. This means that 
while the presence of a new mutation of this sort can be proved, its absence 
cannot be, and consequently one cannot demonstrate the independence of 
mutations to the same allele which occur in the same pedigree. 

It is quite clear, however, that the mutation arose in a chromosome which 
previously contained either T or ¢', and since a number of other mutations 
have been found in stock containing ¢’, but none has yet been found in stock 
containing T only, it seems most reasonable to assume that t! mutated to ¢ 
in a chromosome which retained the ¢! chromosomal aberration. This leads 
to the prediction that ¢* should prevent recombination in the 7-Ki area and 
this is being tested. It has been assumed that the instability evidenced by re- 
peated mutations is probably connected with the inclusion of locus ¢ in an 


The quasi-sterility of the compound males ¢°/¢* and #'/f is apparently due 
to interaction of these alleles on the male zygote rather than to direct effects 
of single alleles on the sperm since in other combinations ¢°, f', and ¢* sperm 
function normally. This indicates a cumulative effect of these alleles on sper- 
matogenesis, suggesting alteration of the same or similar processes, as con- 
trasted with complementary action on viability, and tail development, and on 
fertility in female compounds. The fact that ¢°/t® males appear to be fertile 
and that ¢°/t® stock has been carried through six generations of inbreeding, 
indicates that homozygosis for a chromosomal aberration is not primarily 
responsible for sterility in ¢°/¢® or ¢*/t® since this condition would obtain also 
in ¢8/t3, Further discussion will be found in connection with the description 
of the sterility effects (DUNN and GLUECKSOHN-SCHOENHEIMER, in press). 


SUMMARY 


The occurrence of a new mutation at or near locus ¢ in the house mouse is 
described. The mutation, f?, has shown no recombination with T, Brachyury 
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(short-tail), nor with previous mutations at this locus (#°, ¢'). It interacts 
with T to produce taillessness ; shows complementary interaction with ¢® and 
#1 with respect to tail length, viability, and female fertility, but shows cumula- 
tive interaction with ¢° and ¢! with respect to male fertility, ¢°/t® and #/# 
males being quasi-sterile. It is recessive to its wild type allele in respect to tail 
length and is viable and fertile in both sexes when homozygous. 

It appears to have originated by mutation of an earlier allele, #, and ap- 
peared twice in related individuals, in one of which the mutation probably 
occurred before the last meiotic division. 
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ATURAL populations of most species of Drosophila show little clear- 

cut variation in external traits such as coloration. A closer study never- 
theless reveals abundant genetic variability. Many species show a considerable 
polymorphism in chromosome structure, due to inversion of chromosome 
sections. All species examined in this respect carry numerous recessive lethals, 
semilethals, sterility genes, visible mutants, etc., which are, in nature, mostly 
concealed in heterozygous condition. 

Up to now, only some species of Drosophila associated as commensals with 
man, and some wild species native in temperate climates served as materials 
for studies on population genetics. Drosophila willistoni is a characteristically 
tropical species. The chromosomal polymorphism in this species proved to be 
more extensive than in any other known organism. Comparison of the amount 
of polymorphism in populations of different bioclimatic regions of Brazil sug- 
gests that this polymorphism enables the species to become adapted to the 
diversity of habitats in which it lives, and that the amount of polymorphism 
is proportional to the variety of environments which are exploited by a given 
race or population (DA CuNHA, BurxLa and DoszHANsxky 1950). The magni- 
tude of the store of concealed genic variability may also be different in differ- 
ent species and in populations of the same species. The amount of concealed 
variability in Brazilian D. willistoni is very great, but it is not clearly related 
to the amount of the chromosomal polymorphism. The laws obeyed by the 
concealed variability are as yet little known; the present article is a progress 
report on a work which is being continued. 


MATERIAL AND TECHNIQUE 


Samples of populations of Drosophila willistoni were collected in their 
natural habitats in diverse parts of Brazil, and brought or sent by plane for 
analysis to the laboratories in Sao Paulo or in New York (see DopzHANSKY 
1949; pa Cunna, Burta and DoszHansxy 1950). For the purposes of the 
present investigation, samples from the following nine regions were used: (1) 
Equatorial rain forests near Belém, State of Para, (2) Equatorial rain forests: 
along Rio Negro and Rio Branco, and the savanna of the territory Rio. 
Branco, (3) Rain forests near Cruzeiro do Sul and near Rio Branco (Pal- 
mares) in the territory of Acre, (4) Gallery forests and savannas in the 


1 Contribution No. 9 of the cooperative research project of the University or SAo: 
PavuLo and CoLumBIA UNIVERSITY on genetics and ecology of tropical Drosophila. 


GENETICS 36: 13 January 1951. 














14 C. PAVAN ET AL. 


central portion of the state of Goyaz, (5) The margin of the “ caatinga ” 
desert at Catuni, state of Bahia, (6) and (7) Residual forests near Piras- 
sununga and near Mogi, state of Sao Paulo, (8) Coastal rain forests near 
Vila Atlantica, Sao Paulo, (9) Forest of Iguassti National Park, state of 
Parana. 

The techniques used for the detection of concealed genic variability in 
D. willistoni are analogous to those applied by DoszHanskxy, Howz and 
Spassky (1942) and DopzHansky and Spassky (1944) for D. pseudo- 
obscura. A brief statement will, therefore, suffice. To analyze the second 
chromosomes, wild males or sons of wild females were crossed, in individual 
cultures, to laboratory females homozygous for the second chromosome re- 
cessives abbreviated (abb) and brown (bw). Single F, males from each 
culture were outcrossed to females which carried in one of their second 
chromosomes the dominants Star (S), Hook (Hk), the recessives abb and 
bw, and an inversion (No. 207). In the other chromosome they carried a 
balancing recessive lethal. The Inversion 207 is one of several induced in the 
S Hk abb bw chromosome (by X ray treatment) especially for the purposes 
of the present work. It is a pericentric inversion including about a half of 
the total length of both limbs of the second chromosome. In heterozygous 
condition, it gives no detectable recombination between S and bw (for a de- 
scription of the mutants and their linkage relationships see Spassky and 
DoszHANsky 1950). 

Among the Fy. offspring, about 10-15 virgin females and 15 males show- 
ing Star and Hook, but not abb or bw, were selected from each culture and 
inbred. These flies necessarily carried one wild second chromosome inherited 
from their wild progenitor, and one S Hk abb bw Inv 207 chromosome. They 
were aged for about three days, and then transferred without etherization suc- 
cessively to three culture bottles in which the females were permitted to 
oviposit for two to three days at room temperature or in an incubator at 
25°C. The bottles with the eggs deposited in them developed in all cases 
at 25°C. 

For the analysis of third chromosomes, wild males or sons of wild females 
were crossed to females homozygous for the third chromosome recessive pink 
(p). A single F, male from each culture was then outcrossed to females which 
carried in one of their third chromosomes the dominant Delta (A), the reces- 
sive p, and the inversion No. 133. This inversion was likewise induced by 
X rays for the purpose of the present experiment; it reduces the recombina- 
tion in the third chromosome to 0.68 percent. About ten virgin females and 
a like number of males were selected in each F2 progeny showing Delta but 
not pink. Such flies have the genetic structure wild/A p Jnv 133. After two 
to three days of aging, these flies were transferred at one- to two-day intervals 
to three culture bottles for oviposition. The Fs; progenies always developed 
at 25°C. 

The Fg, progenies were classified for the mutant characters and counted. 
The counts were made either on alternate days until the cultures were ex- 
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hausted, or else four counts were made in each culture on about the third, 
sixth, ninth, and twelfth days after the eclosion of the first adult flies from 
the pupae. The counts obtained in the three replicate cultures used to analyze 
every chromosome were added together. The numbers of Fs; flies obtained in 
the three cultures varied greatly from chromosome to chromosome. The 
figures are usually between 400 and 800, rarely below 200 or above 1000. Ail 
told, the experiments involved counting of well over one and a half million 
flies. 


CONTROL EXPERIMENTS 


Since the genes Star and Delta are lethal when homozygous, inbreeding of 
the wild/S Hk abb bw and the wild/A p flies should give segregation ratios 
of 2 Star Hook: 1 wild and 2 Delta: 1 wild respectively. These expectations 
are, however, based on the assumption that the viability of the wild and Star- 
Hook or Delta flies are alike,.at least between the egg and the adult stage. 
This assumption is unjustified for two reasons: (1) the wild chromosomes 
may carry recessive genes which modify the viabilities of the wild-type ho- 
mozygotes, and (2) the “ marker” genes Star, Hook, and Delta may modify 
the viability of their carriers. It should be noted in this connection that our 
cultures were deliberately somewhat overpopulated, and the developing larvae 
were exposed to fairly stringent competition of their sibs. 

The problem arises of devising a standard of normal viability in terms of 
which the viabilities of the homozygotes for the wild chromosomes could be 
measured. Just as in the work on the genetics of D. pseudoobscura, we 
have chosen to define as normal the average viability of flies which carry 
two second, or two third, chromosomes taken at random from the popula- 
tion of a given locality. Such flies are easily obtained in intercrosses of 
wild/S Hk abb bw females and males, or wild/A p females and males, from 
different F2 cultures, that is, descended from different wild progenitors. The 
results of these crosses are shown in table 1. 


TABLE 1 


Control Experiments 














Second chromosome Third chromosome 
Count Flies Percent Flies Percent 
examined wild examined wild 
lst 18,705 42.37 15,738 37.86 
2nd 19,267 39.01 22,599 35.49 
3rd 6,029 35.33 6,695 34.20 
4th 1,246 38.76 2,665 32.98 
Total 45,247 39.91 47,697 35.95 


xX? 107.24 46.50 
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In the wild/S Hk abb bw x wild/S Hk abb bw crosses a total of 45,247 
flies were obtained, 39.91 + 0.052 percent of which were wild-type and the 
remainder were Star-Hook. The wild-type flies carry two second chromo- 
somes derived from different wild progenitors, and their viability is normal 
by definition. The Star-Hook flies carry one S Hk abb bw and one wild sec- 
ond chromosome. According to the first law of Mendel, wild-type flies should 
form 33.33 percent, and Star-Hook flies 66.67 percent of the total. The ob- 
served proportion of wild-type is significantly greater than the ideal one; 
the wild-type flies are more viable, under conditions of our experiments, than 
the Star-Hook flies. The viability of the latter is reduced, presumably owing 
to the adverse effects of the mutants S and Hk. 

Similarly, in the wild/A px wild/A p crosses, 35.95 + 0.048 percent of 
the 47,697 flies counted were wild-type. This is significantly more than the 
expected frequency, 33.33 percent. The mutant Delta reduces the viability of 
its carriers, although less so than does the combination of Star and Hook. 

The normal rate of the development is, like normal viability, defined as the 
average found in flies which carry two second or two third chromosomes 
taken at random from a given natural population. The Star-Hook and the 
Delta flies may have a normal development rate, or they may develop faster 
or slower than normal. If the development rates are normal, the proportions 
Star-Hook: wild and Delta: wild should be similar among the flies which 
hatch early in the cultures and those which hatch in the later counts. If Star- 
Hook or Delta slow down development, the wild-type class will be relatively 
more frequent among the flies hatching early than among those hatching late 
in the cultures. Finally, if these mutants were to develop faster than normal 
flies, then the proportions of the wild-type flies would increase as the cultures 
grew older. The pertinent data are reported in table 1. It can be seen that 
both in experiments involving the second chromosome mutants (Star-Hook), 
and in those involving the third chromosomee (Delta), the frequency of the 
wild-type class decreases fairly regularly from the first to the last count in 
the cultures. The observed differences, though rather small, are highly sig- 
nificant statistically (,” = 107.2 for the second and 46.5 for the third chromo- 
somes; for three degrees of freedom, the probabilities of such values arising 
through sampling errors are negligible). It follows that the development of 
Star-Hook and of Delta flies is slowed down, and takes longer than that of 
normal flies. 


LETHALS AND SEMILETHALS 


In all, 2004 wild second and 1166 wild third chromosomes from nine differ- 
ent bioclimatic regions of Brazil were analyzed with the aid of the series of 
crosses outlined above. The proportions of wild-type and Star-Hook (or 
Delta) flies in different cultures varied greatly. In some cultures no wild-type 
flies at all have appeared. The wild chromosomes involved in these cultures 
are lethal in homozygous condition. In other cultures more than 0 percent, 
but significantly less than 39.9 percent (the control value for the second 
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chromosome, see table 1), or less than 35.95 percent (the control value for 
the third chromosome), wild-type flies appeared. The chromosomes dealt 
with in these cultures were semilethal or subvital in homozygous condition. 
Chromosomes which permitted normal viability of homozygotes gave cultures 
in which the frequencies of the wild-type class did not differ significantly 
from the control values. Finally, in a few cultures wild-type flies were sig- 
nificantly more frequent than in the control; the chromosomes involved in 
these cultures are “ supervital ” when homozygous 

The results of the tests of wild second chromosomes are suiimarized in 
table 2, and those of the wild third in table 3. The viabilities of the homo- 
zygotes for the wild chromosomes are expressed in percentages of the normal 
viability. The percentage of normal viability is arrived at by dividing the per- 
centage of wild-type flies recorded in the cultures with a given chromosome 

TABLE 2 


Viability of homozygotes for second chromosomes from various geographic re- 
gions, expressed in percents of normal (normal viability = 100); the figures indicate 
numbers of chromosomes that fall in various viability classes. 











| 








a 3 § % 
Percent & 2 2 se) ea (48 sa _ 
normal : so Nes 33 Vv) 2 3 “S.« Total 
viability § SZ y ¢ Ss 68. @5 ae 28 
ah 22 < & S 24 Fh SH Bd 
0 27 19 %& 5:1 32 97 76 40 18 394 
5 31 a, © 16 40 22 19 6 179 
‘4 1 3 9 5 5 7 2 ar 37 
15 5 1 3 2 1 6 4 4 1 27 
20 ia 1 2 3 5 3 1 — 20 
35 _— 4 3 2 4 2 1 2 21 
30 _ 7 3 5 5 ns I 24 
35 6 4 4 3 4 7 2 Sg 33 
4 2 6 6 1 5 8 _ l 31 
‘s Sim 2 1 3 6 4 1 3 28 
- _ - 4 5 5 3 5 1 32 
3 3 1 5 4 3 H 4 1 2 31 
60 _ 3 2 4 12 5 _—* 30 
65 4 4 8 7 5 9 4 —_— 48 
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115 5 1 7 8 6 2 4 5 6 44 
120 _ 1 3 3 2 1 1 3 16 
125 _ ew 1 1 Scan) ae i0 
- aaa 1 . cme 7 
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Total 245 74 231 218 194 444 306 204 8& 2,004 
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TABLE 3 
Viability of homozygotes for third chromosomes from various geographic regions, 
expressed in per cent of normal (normal viability = 100); the figures indicate 


numbers of chromosomes that fall in various viability classes. 








ne ss % g 
Percent é - eS 3 o 6 “ Zo 
normal . % § a S's 1s 23 al Total 
viability E 3A N g os ce a. g as 
+ $3 $ & «& 3a 35 Os &3 
o we < oO UO a4 22 S>H SA 
6 13 9 25 21 13 30 13 9 7 140 
5 8 4 17 6 10 22 11 8 4 90 
10 2 8 4 3 1 11 4 “05 oa 33 
15 im iio 1 4 1 4 4 2 2 18 
20 oo 3 1 pon 2 6 2 1 15 
25 2 1 2 1 3 1 eee 10 
30 3 se aa 3 1 4 2 ae ra 13 
35 1 1 2 eae 1 5 2 1 1 14 
40 wine 1 3 see 3 2 3 1 13 
45 1 2 on 1 “we 2 oon 1 7 
50 coe ous 5 1 4 9 1 1 21 
55 3 1 2 1 7 2 1 17 
60 1 2 2 2 2 3 1 ves 13 
65 2 4 6 2 1 9 1 2 2 29 
70 2 1 4 2 a 1 2 2 2 16 
75 2 5 7 5 4 12 6 7 4 52 
80 1 3 6 7 4 11 3 5 1 41 
85 3 8 12 10 7 9 9 11 3 74 
90 11 8 15 7 10 33 22 6 13 125 
95 13 9 20 22 8 63 10 1l 13 169 
100 17 4 9 13 2 57 3 8 17 131 
105 6 1 5 9 1 22 8 5 12 69 
110 3 2 4 3 1 9 3 6 6 37 
115 1 1 be 4 one 3 son 1 3 13 
120 1 per 2 a 1 ae 4 
125 1 1 se ae 2 
Total 96 75 153 129 75 339 114 89 96 1,166 





by the control value, that is, by 39.91 for the second and by 35.95 for the 
third chromosomes. As shown above, chromosomes giving 39.91 and 35.95 
percent wild-type have normal viability in homozygous condition by definition. 

A glance at the total in tables 2 and 3 will show that the most frequent 
chromosomes are those which give between 80 and 100 percent of normal 
viability in homozygotes ; chromosomes which are lethal or very nearly so in 
homozygous condition (0 to 5 percent of normal viability) are the next com- 
monest class. Chromosomes which reduce the viability of homozygotes to 
between 5 and 50 percent normal are relatively rare. This last fact makes it 
convenient to follow for D. willistoni the convention used in the work on D. 
pseudoobscura, namely, to define as semilethal chromosomes which reduce 
the viability of homozygotes to below 50 percent of normal. The lethals are 
those which kill all the homozygotes; but since rather numerous chromo- 
somes produced very few wild-type individuals in the cultures (below 5 per- 
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cent of the number of wild-type expected if the viability of the homozygotes 
were normal), it is convenient to classify as lethal the chromosomes which 
gave from 0 to 5 percent as many wild-type flies as expected for normally 
viable homozygotes. 

The frequencies of the chromosomes that are lethal and semilethal when 
homozygous are shown in tables 4 and 5. It can be seen that approximately 
29 percent of the second and 20 percent of the third chromosomes in our 
total sample were lethal, and about 12 percent were semilethal. The combined 
frequency of lethals and semilethals is, therefore, about 41 percent for the 
second and 32 percent for the third chromosomes. It is interesting to know 
whether the frequencies of lethal and semilethal chromosomes are uniform 
in different bioclimatic regions. Chi-squares were computed for the nine re- 
gions studied, and proved to be as follows (each chi-square has eight degrees 
of freedom) : 


Pb Probability 
Second chromosome lethals 11.79 0.15 
semilethals 18.18 0.02 
lethals & semilethals 15.35 0.05 
Third chromosome lethals 20.45 0.009 
semilethals 11.62 0.15 
lethals & semilethals 24.67 0.002 


For the second chromosomes, the observed variance is only slightly greater 
than could reasonably be expected to arise from sampling errors alone. It 
seems, however, that the populations of central and northern Brazil, except 
that of Para, carry more lethals and semilethals than those in the south (Sao 
Paulo and Parana). The third chromosome shows significant heterogeneity 


TABLE 4 


Frequencies, in percent, of second chromosomes with different viability 
effects in homozygous condition 








2 e4 2 g 

a oa a 3 +) 
Region * cs aS 7 2 = Q oxy 
3 = 3 = e See 
3 Soa Ss = 2 & © E:= 
s & se wa) 5 &. $23 
3 PA mF a Zz A Zoe 
Belem, Para 23.7 10.2 33.9 308 33.0 2.4 245 
Rio Branco & Rio Negro 28.3 25.6 54.1 24.7 20.1 1.1 74 
Acre 26.8 19.4 46.3 32.0 18.3 3.4 231 
Goyaz, P 30.2 11.4 41.7 30.5 25.4 2.4 218 
Catuni, Bahia ‘ 24.7 19.5 44.3 30.8 22.6 2.4 194 
Pirassununga, Sao Paulo 30.8 11.4 42.3 29.3 17.6 0.8 444 
Mogi, Sao Paulo _ 32.0 6.5 38.6 35.2 24.9 Ls 306 
Vila Atlantica, Sao Paulo 28.9 10.2 39.2 36.7 24.0 0.2 204 
Iguassu, Parana 27.2 10.2 37.5 26.5 31.8 4.2 88 
Total 28.6 12.6 41.2 31.9 25.7 1.2 2,004 
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TABLE 5 


quencies, in percent, of third chromosomes with different viability 
effects in homozygous condit 
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. & 2 E 2 8 oS s&s 
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Belem, Pa-a 21.9 9.4 5) 28.5 Fi 2.6 96 
Rio Branco & Ric Negro 17.3 17.3 34 33.6 31.7 one 75 
Acre 27.4 11.8 39.2 24.0 36.2 0.4 153 
Goyaz, : 20.9 11.6 32.6 33.6 33.4 0.5 129 
Catuni, Bahia - 30.7 14.7 45.3 wh ee 21.5 ats 75 
Pirassunung: , Sao Paulo 15.3 13.5 28.6 35.5 35.5 0.3 339 
Mogi, Sao Paulo 21.1 7S 38.6 39.1 22.3 ‘ 114 
Vila Atlant a, Sao Paulo 19.1 79 27.0 41.8 29.1 a 89 
Iguassu, Parana Li,5 6.3 17.7 25.3 53.6 = 96 
Total 19.7 12.4 32.1 32.9 34.2 8 1,166 
for the fi quencies of lethals and of lethals and semilethals combined. South- 


ern Brazil again tends to have somewhat fewer lethals than the regions close 
to the Equator. 


SUBVITALS AND SUPERVITALS 


Semilethality has been defined above as a condition which permits, in our 
experiments, survival of between 5 and 50 percent of homozygotes. Many 
chromosomes reduce the viability of the homozygotes to a significant extent, 
but not encugh to be counted among semilethals. Following Haporn, these 
chromosomes may be said to give subvital homozygotes. A few chromosomes 
are supervital in homozygous condition. Estimation of the frequencies of sub- 
vitals and supervitals presents a difficult statistical problem, because the 
subvitality and supervitality merge imperceptibly into normality. 

An approximation can be obtained with the aid of the technique used by 
DospzHANSKy, Howz and Spassky (1942) for D. pseudoobscura (in that 
paper subvitals were called ‘“ minus modifiers” and supervitals “ plus modi- 
fiers” of viability). The proportions of wild-type flies expected in our Fs; 
cultures in which the homozygotes for wild second and third chromosomes are 
normal in viability are 39.9 and 35.95 percent, respectively. The deviations 
from these ideal percentages observed. in the experiments with different 
chromosomes (excepting the lethals and semilethals) are expressed in frac- 
tions or multiples of the standard deviations computed for the cultures with 
each chromosome. Next, the numbers of expected deviations of various mag- 
nitudes are calculated. It is then found that many of the chromosomes studied 
produce very great deviations in the minus direction (subvitals), and a few 
chromosomes deviations in the plus direction (supervitals), from the ideal 
viability values. The numbers of these chromosomes are found by subtracting 
the expected from the observed numbers of deviates. This method is reason- 
ably satisfactory because the numbers of flies per culture counted for different 
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chromosomes are mostly of the same order of magnitude, and because, if the 
lethals and semilethals are disregarded, the viability effects of the remaining 
chromosomes form a fairly normal distribution, only slightly skewed in the 
minus direction (tables 2 and 3). 

Tables 4 and 5 show the frequencies of the subvitals and supervitals, esti- 
mated in percentages of the total number of chromosomes studied. Second 
chromosomes produce subvital homozygotes somewhat less frequently than 
they do lethals and semilethals; subvitals among third chromosomes are as 
frequent as lethals and semilethals. Supervitals are much less common, only 
about 1 percent of all chromosomes falling into this category. Only about a 
quarter of the second and a third of the third chromosomes give homozygotes 
of approximately normal viability. 

In order to compare the incidence of subvitals in populations of different 
regions, it is useful to express their frequencies not in percentages from the 
total numbers of chromosomes studied (as in tables 4 and 5), but from the 
numbers of chromosomes free’ of lethals and semilethals. These frequencies 


are as follows: 


Reston Second Third 
chromosome chromosome 
Belem, Para 56.1 41.5 
Rio Branco & Rio Negro 53.8 51.4 
Acre 61.1 44.2 
Goyaz 52.4 49.8 
Catuni, Bahia 54.3 61.0 
Pirassununga, Sao Paulo 53.6 49.8 
Mogi, Sao Paulo _ 57.8 63.7 
Vila Atlantica, Sao Paulo 60.8 57.2 
Iguassu, Parana 43.1 30.8 
Total, percent 57.5 49.1 
Chromosomes studied 1,110 792 


Second chromosomes which give subvital homozygotes are somewhat more 
common than subvital third chromosomes, just as the combined frequency 
of lethal and semilethal second chromosomes is greater than for the third. 
This is reasonable, since the metacentric second chromosome of D. willistont 
is appreciably larger than the acrocentric third. The frequencies of subvitals 
are not significantly different in different regions (chi-squares are 11.11 for 
the second and 11.43 for the third chromosomes; for eight degrees of free- 
dom this corresponds to probability of about 0.15). 


AVERAGE LOSS OF VIABILITY RESULTING FROM HOMOZYGOSIS 


Tables 2 and 3 give data for the viability of 2004 homozygotes for wild 
second chromosomes and 1166 wild third chromosomes. As shown above, the 
viability of homozygotes for different chromosomes ranges from zero (lethal- 
ity) to normal and even a few supernormals. It is easy to compute the aver- 
age viability of the flies homozygous for wild second or third chromosomes. 
The figure for the second chromosome turns out to be 54.14 percent, that is, 
a population which would suddenly become homozygous for second chromo- 
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somes would retain only 54 percent of the normal viability, under our experi- 
mental conditions. A corresponding figure for third chromosome is 63.11 
percent, that is, third chromosome homozygotes are somewhat more viable 
than average second chromosome homozygotes. This is clearly because a 
smaller proportion of the third than of the second chromosomes carry lethals 
(tables 4 and 5), which is in turn due to the third chromosome being shorter 
and carrying fewer loci which can mutate to lethality. 


STERILITY 


Some of the wild type homozygotes for second and third chromosomes 
have been tested for fertility. In most of the tests, virgin females and males 
from the same culture were placed together in a vial with food. If larvae 
appeared in the vial within about a week, the chromosome was recorded as 
permitting fertility of the homozygotes. Otherwise, the flies were transferred 
to a new vial and then given another chance to produce offspring ; if no off- 
spring appeared, the chromosome was recorded as giving sterile homozygotes. 
This test is qualitative, since production of any number of larvae was classed 
as fertility ; and the sterility of females, males, or of both sexes could not be 
distinguished. Some chromosomes were tested by outcrossing, in separate 
cultures, the homozygous females and males to unrelated fertile individuals 
of the opposite sex. Here female and male sterility caused by homozygosis 
for the wild chromosomes was distinguished. The results are summarized in 
table 6 (for chromosomes tested by the second method, sterility of one sex 
placed the chromosome in the “ sterile ” class). 

Between a fourth and a third of the chromosomes tested gave homozygotes 
sterile in at least one sex. The samples from the different regions are rather 
uniform for the second chromosomes; the chi-square has a probability of 
chance occurrence of about 0.05—at the conventional level of significance. 





TABLE 6 


Frequency of chromosomes which produce sterility when homozygous. 














Second chromosomes Third chromosomes 

Region Chromosomes Percent Chromosomes Percent 

tested sterile tested sterile 

Belem, Para 92 23.9 30 20.0 
Rio Branco & Rio Negro 14 57.1 44 15.9 
Acre 97 32.0 109 55.0 
Goyaz 94 35.1 97 29.9 
Catuni, Bahia _ 103 23.3 49 20.4 
Pirassununga, Sao Paulo 201 36.8 248 23.8 
Mogi, Sao Paulo 163 28.8 84 34.5 
Vila Atlantica, Sao Paulo 100 26.0 71 21.1 
Iguassu, Parana 64 35.9 87 13.7 
Total 928 31.0 819 27.7 


x? 15.61 60.59 
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The regional heterogeneity for the third chromosomes is statistically quite 
significant, the highest frequency of sterile homozygotes being observed in 
Acre and the lowest in Parana. 

Among the chromosomes which were tested for fertility by the second 
method (see above), sterility has been recorded in homozygotes for 74 second 
and for 42 third chromosomes. Among the 74 seconds, 26 produced sterility 
in females only, 44 in males only, and 4 in both sexes. Among the 42 thirds, 
14 gave sterile females, 25 sterile males, and 3 sterile females and males. It 
is evident that physiological mechanisms which produce female and male 
sterility are so different that genetic changes which cause both simultaneously 
are rare. Male sterility seems more frequent than female sterility. A few 
coincidences are expected on statistical grounds, but it is doubtful if the seven 
chromosomes in our material which give homozygotes sterile in both sexes 
are such coincidences. At least a majority of these seven produced adult flies 
which lacked longevity sufficient to become old enough to be fertile. Such 
short-lived types are occasionally found even among chromosomes which per- 
mit the homozygotes to hatch from pupae in large numbers, and which there- 
fore are not classed as lethals or semilethals. In general, sterility is not con- 
nected with insufficient viability, or vice versa. Nevertheless, our fertility tests 
excluded the chromosomes which were lethal or semilethal when homozygous. 


VISIBLE MUTANTS 


Except for variations in body size, natural populations of D. willistoni 
rarely contain individuals with clear-cut visible mutant characteristics. One 
individual has been found at Cantareira near Sao Paulo, with a yellowish- 
brown eye color resembling some alleles at the white locus in D. melanogas- 
ter; this almost certainly was a mutant, although the heritability of the eye 
color has not been tested. One fly from Pirassununga, Sao Paulo, must have 
carried a dominant mutant in the second chromosome, the effect of which 
was to decrease the size or to remove some of the macrochaetae on the head 
and the thorax. This mutant was detected only in the Fs; test generation, but 
it probably was present in the wild progenitor. The number of mutants con- 
cealed in heterozygous condition is, on the contrary, quite large and many of 
them have been recorded in our experiments. Their quantitative estimation 
is, however, difficult, especially because the ability of different workers to 
detect mutants is notoriously unequal. The following figures are based on 
findings of only one of us (B. Spassxy). The count does not include ex- 
treme semilethals, many of which induce visible changes in the surviving 
individuals. 


Second Third 
chromosomes chromosomes 
Chromosomes tested 270 477 
Mutants with complete penetrance 20 38 
Mutants with incomplete penetrance 23 39 
Total mutants 43 77 


Percent mutants 1$.9.42.2 16.1 +1.7 
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About 16 percent of the wild chromosomes make the homozygotes recog- 
nizably abnormal. Roughly hali of the mutants have incomplete penetrance, 
and the other half are completely penetrant, although often require an ex- 
perienced eye for identification. 


DEVELOPMENT RATE 


In natural populations of Drosophila pseudoobscura, a considerable propor- 
tion of the autosomes produce when homozygous more or less pronounced 
lengthening of the development from the egg to the adult stage; a few chro- 
mosomes, on the contrary, shorten the time necessary for a homozygote to 
reach the adult stage (DoszHaNsxky, Hotz and Spassxy 1942). A similar 
situation obtains also in D. willistoni. In many experimental cultures the pro- 
portions of wild-type individuals are smallest among the early hatching flies, 
and increase in later counts as the culture grows older; such cultures contain 
chromosomes which slow down the development of homozygotes compared to 
the heterozygotes. In a few cultures the proportions of the wild-type class 
decrease significantly from the early to the late counts, thus showing that the 
homozygotes develop faster than the heterozygotes. 

In D. willistoni, the quantitative estimation of frequencies of chromosomes 
which make the development of homozygotes as fast as, or slower or. faster 
than, that of heterozygotes is more difficult than it is in D. pseudoobscura. 
In the first place, D. willistoni develops more rapidly than D. pseudoobscura, 
and consequently small modifications of the development rate fall below the 
limits of experimental errors. Secondly, as stated above in the description of 
control experiments, the “ marked ” Star-Hook and Delta chromosomes used 


TABLE 7 


Frequencies, in percent, of second and third chromosomes with different effects 
on the development rate in homozygous condition. 











Second chromosome Third chromosome 
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to detect the homo- and heterozygous classes themselvés reduce the develop- 
ment rate of their carriers. This makes the analysis of the data laborious. 
The “ normal” development rate of D. willistoni is characterized by the con- 
trol data in table 1. The figures in this table are used to calculate the expected 
frequencies of wild-type flies in experimental cultures, aiier an adjustment 
is made for variations of the frequencies of the wild-type class in the total 
output of the cultures (these variations are caused, of course, by modifications 
of the viability of the flies produced by homozygosis for wild chromosomes). 
The chi-square test is applied to evaluate the statistical significance of the 
observed deviations from the normal development rate. The results of the 
calculations are summarized in table 7. The numbers of the chromosomes 
studied shown in table 7 are smaller than in tables 2 and 3 because the lethals 
and extreme semilethals were disregarded in development rate studies. 
Roughly a third of the chromosomes slow down the development of the 
homozygotes; about 14 percent of the second and three percent of the third 
chromosomes speed up the development. The reality of this difference be- 
tween the second and the third chromosome may, however, be questioned. 


DISCUSSION 
Natural populations of Drosophila willistoni in Brazil carry a tremendous 
store of recessive lethals, semilethals, subvitals, sterility genes and modifiers 
of the development rate in their autosomes. Table 8 summarizes the data for 


D. willistoni, and also the data of DopzHansxy, Hotz and Spassxy (1942) 
for D. pseudoobscura. 


TABLE 8 


Frequencies (in percent) of chromosomes which produce various types 
of genetic effects in homozygotes 

















D. willistoni D. pseudoobscura 
Second Third Second Third Fourth 

Lethals and 

semilethals 41.221.1 32.121.4 21.341.8 13.941.0 23.5 2.2.2 
Subvitals 57.55 41.5 49.1 41.8 21.1223 305 40.7 +2.6 
Sterility genes 31.0 41.5 27.741.6 13.5 $2.1 ? 8.1+1.6 
Retarded 

development 31.8 1.1 35.741.8 54.0 3.0 ? 52.7 S27 
Accelerated 

development 13.7 2.8 0.4 ? 3.4 
Visibles Bo222 6321.7 2 42 ? > 1.9 





Since the third chromosome of D. willistoni contains mostly the same loci 
as the second chromosome of D. pseudoobscura (DoszHANSky 1950), the 
incidence of the different types of genetic changes in these chromosomes may 
be compared. The store of variability concealed in populations of D. willistoni 
is clearly greater than that in the Californian populations of D. pseudo- 
obscura. Lethals, semilethals, subvitals, sterility genes, and visibles are from 
fifty percent to one hundred percent more frequent in D. willistoni than in 
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D. pseudoobscura. Retardations of the development seem, however, to be 
much more common in D. pseudoobscura; this difference is almost certainly 
spurious because the absolute duration of the larval and pupal stages is 
greater in D. pseudoobscura than in D. willistoni, and this makes retardation 
more easily detectable in the former. 

The second chromosome of D. willistoni carries the loci which in D. 
pseudoobscura lie separately in the third and in the fourth chromosomes. 
Now, the technique of investigation used in these studies does not discrimi- 
nate between chromosomes which carry one lethal or semilethal gene and 
those carrying two or several lethals. Table 8 shows that 13.9 percent of the 
third and 25.5 percent of the fourth chromosomes of D. pseudoobscura are 
lethal or semilethal when homozygous. Therefore, about 36 percent of the 
second chromosomes of ). willistoni would be expected to carry lethals; the 
actual figure is 41 percent, which is not much higher. No reliable estimates 
of frequencies of other types of variants are available for the third chromo- 
some of D. pseudoobscura. 

The amount of concealed variability need not be uniform in all populations 
of a species. DopzHANsky (1939) found that 30.0 + 4.2 percent of third 
chromosomes in populations of D. pseudoobscura which inhabit Mexico and 
Guatemala carry lethals or semilethals, compared to 13.9 + 1.0 percent in 
California populations. Much more abundant comparative data on frequencies 
of lethals and semilethals are available for the second chromosome of D. 
melanogaster. It may be noted that the second chromosomes of D. melano- 
gaster and D. willistoni harbor mostly the same loci (DospzHaNsxky 1950). 
According to the summary of Dupinin (1946), 21.2 + 0.5 percent of the 
7863 second chromosomes analyzed from populations of D. melanogaster from 
the Caucasus, Crimea, and southern Russia contained lethals (and, presuma- 
bly, extreme semilethals). Ives (1945) found, however, that 55.2 + 1.4 per- 
cent of the second chromosomes in American populations carried lethals or 
semilethals, and the figures varied from 42.9 + 3.3 for Maine to 65.3 + 2.4 
percent for Florida populations. Despite the uncertainty caused by our not 
knowing what part of the semilethal range is included in DuBININ’s figures, 
it is safe to say that the frequencies of lethal-bearing chromosomes vary 
greatly in geographic populations of D. pseudoobscura and D. melanogaster. 
Professor Ives very kindly informs us that significant changes with time have 
been observed in the incidence of lethals in the Amherst population of D. 
melanogaster. During the period 1938-1946 about 48 percent of the second 
chromosomes carried lethals or semilethals, while between 1947 and 1949 
this figure dropped to 35.6 percent. 

Few statistically significant differences in the incidence of lethals, sterility 
genes, and development rate modifiers have been found, either in the third 
or in the second chromosomes, between geographic populations of D. willis- 
toni described in this article. It is justified to say that, compared to the wide 


geographic variations in the frequencies of different types of genetic changes 
known in D. melanogaster and D. pseudoobscura, the geographic populations 














VARIABILITY IN DROSOPHILA 27 


of D. willistoni are relatively uniform. This relative uniformity certainly 
cannot be ascribed to any uniformity of the environments in which these 
populations live. On the contrary, the regions of Brazil from which our ma- 
terial came are bioclimatically quite sharply differentiated. Furthermore, the 
same populations differ widely in the incidence in them of inversion hetero- 
zygotes in all the chromosomes (pA CUNHA, DoszHANskKy and BuRLA 
1950). Thus, in the population of the caatinga desert of Bahia a female D. 
willistoni is heterozygous, on the average, for 0.81 + 0.03 inversion, at Belém 
for 2.85 + 0.18, in Rio Negro for 5.03 + 0.49, and in central Goyaz for 9.36 
+ 0.26 inversions. The variations of the gene arrangement (chromosomal 
polymorphism) and the concealed recessive variations, such as lethals, steril- 
itv genes, and so forth, are evidently not closely correlated. Their distribu- 
tion in populations is governed by different causes. 

The chromosomal polymorphism found in natural populations of Droso- 
phila is adaptive. The amount of adaptive polymorphism present in a species 
or a population seems to be proportional to the variety of habitats which this 
species or population exploits (pA CUNHA, DoBzHANSKy and Burra 1950, 
DoszHANSKY, BuRLA and pa CuNHA 1950). The amount of chromosomal 
polymorphism is largest in D.. willistoni, smaller in D. pseudoobscura, and 
still smaller in D. melanogaster. Little is known about the adaptive functions 
of the concealed genic variability. Most of the recessive variants found in the 
populations are grossly deleterious in homozygous condition but it is an open 
question what effects, if any, these variants may have when heterozygous. 

The concentration of recessive lethals in a population should depend on its 
reproductive biology. If populations are seasonally reduced to densities so 
low that close inbreeding of the remaining individuals becomes unavoidable, 
many lethals will be eliminated and the concentration of lethals will be re- 
duced. A population which maintains uniform densities of breeding indi- 
viduals at all seasons will, other things being equal, carry numerous lethals. 
This is illustrated by the higher frequency of lethals in populations of D. 
pseudoobscura which inhabit Mexico and Guatemala than in those which 
live in the mountains of California; the latter populations undergo sharp sea- 
sonal expansions and contractions, while the former are relatively constant in 
density. A similar explanation has been advanced by DuBinin (1946) for the 
seasonal changes in the incidence of lethals in Russian populations of D. 
melanogaster. According to DuBININ, lethal-bearing chromosomes are least 
frequent in spring, when populations are decimated by high mortality during 
hibernation, and increase in frequency during the summer owing to the ac- 
cumulation of newly arising mutants. Unfortunately, DuBININ’s data do not 
establish conclusively that seasonal changes in the incidence of lethals regu- 
larly occur. No such changes are suggested by recalculation on a seasonal 
basis of the frequencies of lethals in California populations of D. pseudo- 
obscura published by Wricut, DoszHansky and Hovanitz (1942). The 
problem of seasonal changes in the frequencies of lethals requires further 
study. Professor P. T. Ives informs us, however, that according to his un- 
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ublished data a reduction of population density of D). melanogasier at Am- 
herst, Massachusetts, has been followed by a drop in the concentration of 
lethals. 

D. willistoni is the commonest, or one of the commonest, species of Dro- 
sophila in all major bioclimatic regions of Brazil. Although its populations 
undergo seasonal variations both in absolute abundance and relative to other 
species, the densities of most populations remain always high enough to be 
treated as effectively infinite ior the purposes of evolutionary considerations 
(DoszHaNsky and Pavan 1950, and BurRLa, pA CUNHA, CAVALCANTI, 
DoszHANSky and Pavan 1950). Now, if populations of a species are effec- 
tively infinite, the incidence in them of recessive lethals should be uniform, 
provided that the mutation rates are the same in different geographic regions. 
This hypothesis can be tested experimentally. One such test would be the 
comparison of frequencies of allelism of lethals derived from the same popu- 
lation and from geographically remote populations. In D. pseudoobscura, 


ls found within a population are alleles more frequently than lethals from 


j 
| 
i 





different populations (Wricut, DospzHANsky and Hovanitz 1942). But in 
an ideal species with effectively infinite populations the frequency of allelism 
of completely recessive lethals should be independent of their geographic 
origin. Experiments relevant to this problem are under way. 

The possibility that the distribution and frequency of lethals and other 
variants in natural populations may be determined by their effects in hetero- 
zygotes cannot be dismissed. WriGHT, DoBpzHANSKy and Hovanitz (1942) 
showed that lethals in D. pseudoobscura are less common than they would be 
if they were eliminated only in homozygotes formed under panmixia. ‘The dis 
crepancy may be due either to local inbreeding, or to deleterious effects of 
these lethals in heterozygotes, or to both causes. A joint estimate of the mag- 
nitude of these two variables (s+ F) has been arrived at. BERG (1942, 1944) 
has presented evidence that while some of the autosomal lethals found in 
populations of D. melanogaster are beneficial when heterozygous, many more 
are deleterious (see also SPENCER 1947). According to STERN and NoviTskI 
(1948), many X-ray induced and spontaneous sex-linked lethals in 1). melano- 
gaster are deleterious in heterozygotes, while MasinG (quoted by DuBiNiIN 
1946) believes that lethal heterozygotes are as a rule superior to normal in 
viability. DuBININ himself considers most autosomal lethals present in natural 
populations completely or almost completely recessive. The matter clearly re- 
quires more study, but it may be noted that incomplete recessivity of popula- 
tional lethals, even if established, would not necessarily account for the differ- 
ences in the concentration of lethals in different species and populations. 
Indeed, it is difficult to see why, for example, the lethals in Russian popula- 
tions of D. melanogaster should be more harmful on the average than those in 
the American populations of the same species. We may, however, find accu- 
mulation of certain lethals in some geographic regions if these lethals increase 


the adaptive value of the heterozygotes in the respective geographic environ- 
ments. The whole problem needs further study. 
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SUMMARY 


Samples of natural populations of Drosophila willistoni were coliected in 
ditferent bioclimatic regions of Brazil: By means of appropriate crosses, the 
effects in homozygotes of 2004 second and 1166 third chromosomes were 
studied. A very high proportion of these chromosomes carried recessive 
lethals, semilethals, subvitals, modifiers of the development rate, sterility 
genes, and visible mutants. The frequencies of these variants are summarized 
in table &. 

The concealed variability in populations of D. willistoni is greater than in 
D. pseudoobscura and in many populations of D. melanogaster. Populations 
ot D. willistoni from different parts of Brazil are, however, rather uniform 
in this respect, or in any case show less differentiation than do geographic 
populations of D. pseudoobscura and D. melanogaster. The possible causes 
of such differentiation are discussed 
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N the first paper of this series (WuiITE 1949) we have shown that the 

grasshopper genus Trimerotropis may be divided into two sections: in 
the first of these (“A”) all the members of the chromosome set (apart from 
supernumerary chromosomes which are present in some species) are acro- 
centric (rod-shaped), while in’ the second section (“B”) some of the chro- 
mosomes, always including the X, are metacentric (V- or J-shaped). Certain 
of the species in section B are extremely interesting, since one or more auto- 
somes may be either acrocentric or metacentric. In these cases it is clear that 
structural rearrangements have occurred, converting the originally acrocentric 
chromosomes into metacentrics, but both the “ old” and the “ new” types of 
chromosomes have persisted, alongside one another, in the natural populations 
of the species. Such species are accordingly cytologically polymorphic, a large 
proportion of the individuals collected in nature being structural heterozy- 
gotes, in which one or more pairs of chromosomes are represented by an 
acrocentric and metacentric element. The existence of this type of polymor- 
phism in certain species of Trimerotropis and Circotettix has een known 
since the work of CaRoTHERS (1917, 1921, 1931), Kine (1924) and HeLwic 
(1929) but has never received the attention which it deserves and iias not 
been properly understood from the standpoint of the population-dynamics of 
these species. In certain forms the problem is further complicated by the fact 
that supernumerary chromosomes are present in some individuals but not in 
others. 

The present paper deals with the cytology of some natural populations of 
T. sparsa (Thomas), a member of group B whose cytology had not previ- 
ously been studied. The species has a wide distribution in western North 
America, from northern New Mexico and Arizona to Alberta and from Colo- 
rado, western Nebraska and the Dakotas across the Great Basin to northern 
Nevada and Lassen County, California (THomas 1875; BruNeErR 1890; Mc- 
Nertt 1901; Hesarp 1925, 1928, 1929, 1935ab, 1936; TiINKHAmM 1939). 
In the older literature it is frequently referred to as Trimerotropis (or Circo- 
tettix) azurescens Bruner or T. (C.) perplexa Bruner. 


1 With the aid of a grant from the PENRosE Funp of the AMERICAN PHILOSOPHICAL 
Society and of grants from the REsEARcH INSTITUTE of THE UNIVERSITY OF TEXAS. 


GENETICS 36: 31 January 1951. 
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T. sparsa is not a true desert species, although found only in arid regions. 
Most of the localities at which we have collected it were on alluvial soil in 
wide “ washes ”; although we have on several occasions found it in places 
where sagebrush was present, it is not a common inhabitant of the sagebrush 
zone in the Great Basin, in the way that T. gracilis, T. fontana and T. 
pseudofasciata (caeruleipennis of most authors) are. In spite of its wide dis- 
tribution, it is a relatively rare species throughout most of the area in which 
it occurs, being found in small colonies which are probably isolated from one 
another to a considerable extent (although no precise surveys have been 
made to determine the degree of geographical isolation between the popula- 
tions considered in this paper). 

The species exhibits a considerable amount of geographical variation in 
size and color, which will be more fully discussed later. The hind wings may 
be either pale blue, pale green or yellowish, or almost transparent and color- 
less ; the black band on the hind wing which is conspicuous in most Trimero- 
tropi is usually subobsolete, almost invisible or present only as a slight cloudi- 
ness or darkening of some of the veins. These characters of the hind wing 
seem to be very constant within populations, but vary greatly between one 
population and another. 


MATERIAL AND METHODS 


The present study is based on 387 male individuals collected in the summer 
of 1949. Of this total, 359 were successfully analyzed cytologically, the re- 
maining 28 being individuals which did not show any first metaphases in 
their testes, either because they were too old (the testis being almost com- 
pletely filled with sperm-bundles) or because they were parasitized by dip- 
terous larvae. A certain number of females were also collected, but no attempt 
was made to obtain large numbers of them and they were not used for cyto- 
logical study. The insects were caught with a net and the testes fixed within 
a few hours, in San Felice’s fluid. After washing out the fixative the material 
was brought back to Austin in 70 percent alcohol and subsequently embedded, 
sectioned (at 22 micra) and stained by Newton’s Gentian Violet method. As 
a general routine two slides of sections from each testis were prepared, and 
usually proved sufficient for scoring the individuals cytologically; in cases 
where no first meiotic divisions suitable for analysis were encountered in the 
first two slides, further preparations were made. The analysis was carried out 
on metaphases of the first meiotic division, the observations being occasionally 
checked by an examination of spermatogonial metaphases or other stages. 


THE COLLECTING LOCALITIES 


As shown in table 1, the material was collected at six localities, but at two 
of these only single females were obtained, so that only four are described 
below. 

(1) Craig, Colorado. The actual collecting locality was on the sandstone 
bluffs above the Williams Fork of the Yampa River, approximately 10 miles 
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TABLE 1 


Origin of the material. 





; No. of No.of males No. of 
Locality — Date males analyzed females 
E collected cytologically collected 





Craig, Moffat Co., 


Colo. 6250 Aug. 13-14 78 73 1l 
Meeker, Rio Blanco 

Co., Colo. 6240 Aug. 14 12 12 2 
Rifle, Garfield Co., 

Colo. 5350 Aug. 14 ove eee 1 
Whitewater, Mesa 

Co., Colo. 4700 Aug. 17 106 86 5 
Pojoaque, Santa Fe 

Co., N. M. 5750 June 21 i* 1 ao 
Pojoaque, Santa Fe 

Co., N. M. . 5750 Aug. 20-21 190 187 6 
Between Espanola and 

Pojoaque, N. M. 5900 Aug. 20 esa ees 1 

Total 387 359 26 





*Collected as a nymph. 


southwest of Craig and 3 miles northwest of Hamilton. No other species of 
Trimerotropis were collected at this locality. 

(2) Meeker, Colorado. The population studied was collected a few hun- 
dred yards west of the town in a little valley with much sage brush. Arphia 
pseudonietana and Dissosteira carolina were the only other oedipodine grass- 
hoppers seen at this locality. 

(3) Whitewater, Colorado. The population was collected on a very arid 
sandstone hillside about a mile south of the town. Many other oedipodine 
grasshoppers were present (7. pallidipennis, T. inconspicua, T. sternua, De- 
rotmema haydenii rileyanum, Leprus interior). 

(4) Pojoaque, New Mexico. The colony was collected along the edges of 
the dry Tesuque Creek. Many other oedipodines were present (T. palli- 
dipennis, T. laticincta, T. tolteca modesta, T. texana, T. agrestis, Dissosteira 
carolina, Derotmema haydenii haydenii, Cibolacris parviceps, Aerochoreutes 
carlinianus ). 

Each day’s collection at a particular locality received a catalog number, the 
separate individuals being given a second number separated from the first by 
a solidus. The locality numbers are 926 and 931 (Craig), 930 (Meeker), 937 
(Whitewater), 854, 948 and 953 (Pojoaque). 


CYTOLOGICAL OBSERVATIONS 


(1) General cytology of the species 


Like most Acrididae, T. sparsa is normally a species with 11 pairs of auto- 
somes, one X-chromosome in the male and two X’s in the female. The in- 
dividuals at Craig and Meeker, however, had only 10 pairs of autosomes. 
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Supernumerary chromosomes were found in some individuals in each of the 
populations except the one at Whitewater. 

The individual autosomes show a considerable range in size: two autosomal 
pairs are always much smaller than the rest (both in “ typical” material and 
in the individuals from Craig and Meeker). The remaining autosomes, how- 
ever, form a graded series in respect of size, so that it is difficult or even im- 
possible to be absolutely certaifi in identifying them. Thus a bivalent which 
is classified as No. 6 in the series may in reality be No. 5 or No. 7 (but is 
unlikely to be No. 4 or No. 8, although a few such errors may have been 
made in scoring the individuals). This unfortunate difficulty, which at once 
detracts a great deal from the value of the present study, is one which seems 
to be entirely unavoidable: it should be pointed out that it is well-nigh im- 
possible to measure the “ lengths ” of the bivalents at first metaphase, owing 
to the fact that these are three-dimensional bodies, varying greatly in shape, 
in number of chiasmata and in the extent to which they are stretched on the 
spindle. It might be possible to make relatively accurate measurements of the 
chromosomes in the spermatogonial metaphases, but this stage was only pres- 
ent in a relatively small fraction of the individuals studied. On the other hand, 
there is never the slightest difficulty in determining whether a particular bi- 
valent is a homozygous acrocentric, a homozygous metacentric or a hetero- 
zygous bivalent composed of one acrocentric and one metacentric element. 
There is, furthermore, no possibility of confusing the two smallest bivalents 
with any of the others, although it is not always possible to tell which is which, 
since they are almost the same size. 


(2) The Craig and Meeker populations 


Since these two localities are only 30 miles apart and in view of the fact 
that the cytological findings are very similar in the two samples, they will be 
considered together. Individuals from both localities differ from those col- 
lected at Whitewater and Pojoaque in that there are only ten pairs of auto- 
somes instead of eleven. Since the two smallest pairs can still be recognized, 
it is presumably one of the medium-sized elements that has “ disappeared.” 
We believe that this “ disappearance’ was simply a centric fusion of two 
acrocentric elements to give a single metacentric, but in view of the difficulty 
of identifying the individual chromosomes in T. sparsa, it is impossible to be 
certain of this (an examination of hybrids between the 10-autosome race and 
the typical 1l-autosome form would settle the matter, if such hybrids could 
be found in the wild or obtained by breeding). Since most other species of 
Trimerotropis show 11 pairs of autosomes we feel sure that the evolutionary 
change which has occurred in sparsa was a decrease in chromosome number 
from 11 to 10, rather than an increase from 10 to 11. 


The Craig and Meeker populations both show a considerable degree of 
cytological heterozygosity (tables 2 and 4). Thus, out of a total of 85 male 
individuals collected at these two places only 22 were structural homozygotes. 
At both places single heterozygotes (i.e., individuals in which one chromo- 
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some pair is represented by an acrocentric and a metacentric element) form 
the largest class in the population, but double heterozygotes are not uncom- 
mon and a few triple heterozygotes were also found. 

In view of the impossibility of identifying the individual chromosomes with 
complete certainty, we cannot say definitely how many chromosome pairs are 
responsible for this cytological polymorphism, but we believe that the three 
largest pairs (Nos. 1, 2, and 3) are invariably metacentric and that No. 4 
may also be so (if this interpretation is correct No. 4 has probably arisen by 
a centric fusion between two acrocentrics). No individuals with less than 
four large or medium homozygous metacentric bivalents were found, which is 
in accord with the above hypothesis. The smallest chromosome (No. 10) ap- 
pears to be invariably acrocentric, while most of all of the remaining five ele- 
ments (Nos. 5, 6, 7, 8 and 9) may be either acrocentric or metacentric (it 
should be pointed out that, owing to the difference in chromosome number, 
the elements which we call Nos. 9 and 10 in the Craig and Meeker material 
probably correspond to Nos. 10‘and 11 respectively in the other populations). 

The mean number of heterozygous bivalents per individual is 1.04 at Craig 
and 1.25 at Meeker, but in view of the small size of the Meeker sample (12 
individuals) the difference is probably not significant. 

If we are correct in our assumption that in the Craig population four chro- 
mosome pairs are invariably metacentric and one (Na. 10) is invariably acro- 
centric, then the five “ variable” bivalents of 73 individuals are represented 
by 14 homozygous metacentric bivalents, 75 heterozygous ones and 276 
homozygous acrocentric bivalents. Apparently, in the case of all these five 
chromosome pairs the acrocentric type of chromosome is much commoner 
than the metacentric type. 


‘ 


Supernumerary chromosomes are relatively common in both the Craig and 
Meeker populations, a number of individuals having two supernumeraries. 
The frequency of these elements in the population and their behavior at 
meiosis will be considered later (p. 41). 


(3) The Whitewater population 


The cytology of the individuals collected at Whitewater is entirely differ- 
ent from those at Craig and Meeker. In the first place, the chromosome num- 
ber is different, all the Whitewater insects having eleven pairs of autosomes 
instead of ten. The mean number of heterozygous bivalents is about the same 
or slightly lower, but homozygous acrocentric bivalents are almost absent, 
except in the case of chromosomes 10 and 11 (table 2). As a consequence 
of this the mean number of metacentric autosomes is 19.05—far higher than 
in any of the other populations studied (the mean number of acrocentric 
autosomes is reduced to 2.95). Thus the spermatogonial metaphases of the 
Whitewater individuals (fig. 1) look entirely different from those of indi- 
viduals from the other localities, owing to the very high number of chromo- 
some arms which are crowded onto a spindle which is no larger than usual. 


Although the mean number of heterozygous bivalents per individual is. 
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only slightly below the frequencies found in the Craig and Meeker popula- 
lations, structurally homozygous individuals are considerably more common 
in the Whitewater population than in those at Craig, Meeker and Pojoaque. 
They are, in fact, the commonest class of individuals (37 out of a total of 
86 analyzed). These structural homozygotes are of two types—those in which 
all the chromosomes are metacentric except the smallest pair (No. 11) which 
are acrocentric (32 individuals) and those in which the two smallest pairs 
(Nos. 10 and 11) are both acrocentric (5 individuals). Single heterozygotes 
form the second largest class in the Whitewater population (29 individuals) ; 


ae 3 » M ' 


M 


930/4 





Pa 


X 
931/22 937/93 


Ficure 1.—Spermatogonial metaphases of four different individuals of T. sparsa. 
930/4 from Meeker (22 chromosomes, of which 12 are metacentric, one of these being 
a supernumerary) ; 854 from Pojoaque (23 chromosomes, of which 14 are metacentric) ; 
931/22 from Craig (21 chromosomes, of which 10 are metacentric) ; 937/93 from White- 
water (23 chromosomes, of which 17 are metacentric). X chromosome metacentric and 
negatively heteropycnotic in all cases. 


as might be expected there are a good many different types of these, but the 
only one that can be identified with complete certainty is the one in which 
the little bivalent No. 10 is heterozygous; in the case of the others there is 
always some doubt as to whether the heterozygous bivalent is number 4, 5, 
6, 7, 8, or 9. Double and triple heterozygotes are less common in the White- 
water population (14 and 4 individuals, respectively); one of the triple 
heterozygotes (No. 937/66) is also remarkable in having one of the medium 
sized bivalents (probably No. 7) a homozygous acrocentric (this was the 
only homozygous acrocentric bivalent, apart from Nos. 10 and 11, encount- 
ered in the whole of the Whitewater sample). Finally, we found a single 
individual with four heterozygous bivalents and one with seven. A first meta- 
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phase i this last individual, the most h'zhly heterozygous grasshopper 
encountered in the whole study, is shown in figure 4 (No. 937/92). 
In computing the mean number of heterozygous bivalents per individual 


> 


in the Whitewater population (table 2) ai 9.93 we have counted individual 
No. 927/102 as a homozygote. Actually, however, as can be seen from figure 


~~ 


40 \> Oop ol» 


9317/1 931/22 


leit 
THe airy 


931/16 


\ 
\ = 
\ ’ 


931/15 931/15 





Figure 2.—First metaphases, in side view, of six individuals from the Craig popu- 


lation. Heterozygous bivalents (composed of an acrocentric and a metacentric element) 
indicated by an H. X chromosomes in outline, autosomes and supernumeraries in solid 
black. 931/15 was an individual with two acrocentric supernumeraries which regularly 
pair to form a bivalent. The lower left-hand figure shows a cell in which the two 
centromeres of this bivalent are directed towards the same pole, the lower right-hand 
figure a cell in which the centromeres of the supernumerary bivalent are directed toward 
opposite poles. S, supernumerary chromosomes. 


4, this individual had one of the larger bivalents (probably No. 1) hetero- 


zygous for a rearrangement involving the centromere. Both chromosomes of 
which this bivalent is composed are metacentric, but the position of the centro- 
mere is not the same in the two elements, so that the bivalent, which regularly 
shows two chiasmata (one near each end), has a lop-sided appearance in the 
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spindle. Most probably the rearrangement responsible for this condition was 
a pericentric inversion, but one cannot be certain of this, since the pachytene 
nuclei were not suitable for detailed study. This rearrangement must be very 
rare in the Whitewater population, since we only observed a single indi- 
vidual of this type: we consider such a bivalent as fundamentally different 
from the kind of heterozygous bivalent commonly found in the Trimerotropi, 
composed of an acrocentric and a metacentric element. 

In addition to its other peculiarities, the Whitewater population is re- 
markable in that none of the 86 individuals analyzed possessed a super- 
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Ficure 3.—First metaphases of six individuals from the Meeker population. X 
chromosomes in outline. H, heterozygous bivalents. 


numerary chromosome. Either these are absent altogether from the popula- 
tion, or else they are very much less frequent than at Craig, Meeker and 
Pojoaque. 


(4) The Pojoaque population 
As shown in table 1, 188 males from Pojoaque (out of a total of 191 col- 
lected) were successfully analyzed cytologically. This is accordingly by far 
the largest sample considered in the present study. 
In chromosome number the Pojoaque individuals resemble the Whitewater 
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TABLE 3 


Supernumerary chromosomes. 














V = Isochromosome supernumerary 
S = Acrocentric supernumerary 
Number of Number with 
Population individuals Total 
analyzed 1V 2V 3V 1S 2S lV, 1S 
Craig 73 4 2 1 1 1 4 
Meeker 12 1 2 eee éo 3 
Pojoaque 188 9 2 1 14 26 
Total 14 6 1 15 1 1 38 





population in having 11 pairs of autosomes (23 elements in the spermato- 
gonia). In every other respect, however, they differ from the Whitewater 
grasshoppers. Thus, for example, the Pojoaque population is the most highly 
heterozygous of the six that have been studied so far, the mean number of 
heterozygous bivalents per individual being 2.085, 1.e., about twice the values 
found in the populations from western Colorado. The relative numbers of 
acrocentric and metacentric autosomes in the Pojoaque population are also 
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Ficure 4.—First metaphases of six individuals from the Whitewater population. Inv., 
a bivalent apparently heterozygous for a pericentric inversion. X chromosomes in outline. 
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much closer to the figures for the Craig and Meeker samples than to those for 
the Whitewater population (see table 2). 

Structurally homozygous individuals are very rare at Pojoaque, only seven 
out of the total of 188 being of this type. The commonest type are those hav- 
ing two heterozygous bivalents (72 individuals), with the single heterozy- 
gotes and triple heterozygotes about equally common; a few quadruple and 
one quintuple heterozygote were also found (table 4). In spite of the higher 
frequency of heterozygous bivalents, however, no individual rivalling No. 
937/92 (from Whitewater) in amount of heterozygosity was found at Pojo- 
aque. It is thus uncertain whether more than five chromosome pairs take part 
in the cytological polymorphism of the Pojoaque population. 


TABLE 4 


Numbers of individuals with various frequencies of heterozygous bivalents. 








Frequencies of heterozygous bivalents 





0 1 2 3 4 5 6 F i 
Craig 21 31 19 2 os eee eee 
Meeker 2 6 3 1 sas non sue ae 
Whitewater 37 29 14 4 1 wae il 1 
Pojoaque 7 49 71 45 15 we eee 





The 10th chromosome is somewhat difficult to analyze in the Pojoaque 
population, owing to the fact that it appears to be trimorphic, instead of di- 
morphic, there being two types of acrocentric chromosomes of different 
lengths, in addition to the metacentric type. Apparently we are dealing here 
with a supernumerary chromosome region, which is present in the longer 
type of acrocentric but wanting in the shorter type. Owing to the difficulty of 
a complete cytological analysis, we have only attempted to distinguish three 
types of bivalents (metacentric/metacentric, metacentric/acrocentric and 
acrocentric/acrocentric) instead of the six which should theoretically occur. 

Supernumerary chromosomes, which were completely absent from the 
Whitewater population, are relatively common at Pojoaque, both acrocentric 
and metacentric types being present (see below). 


(5) Supernumerary chromosomes 


Of the 359 male individuals analyzed in this study, 38 (approximately 10.6 
percent) possessed supernumerary chromosomes. This figure, however, gives 
an inadequate idea of the number of supernumerary chromosomes present in 
T. sparsa, since 8 of these individuals possessed two supernumerary elements 
each and one had three. For this reason the frequency of the supernumeraries 
in the population is best expressed as the mean number of supernumeraries 
per individual (table 2), rather than as the percentage of individuals showing 
supernumeraries. The frequency of supernumeraries is probably about the 
same at Craig, Meeker and Pojoaque (it appears to be higher in the Meeker 














42 M. J. D. WHITE 


population, but since only 12 individuals were studied the difference is proba- 
bly not significant). In the Whitewater population no supernumeraries were 
found. 

In all individuals of Trimerotropis sparsa in which supernumeraries were 
found they were apparently present in every cell of the testis. Their mitotic 
behavior, at least in the spermatogonial mitoses, must accordingly be normal, 
there being no evidence of mitotic nondisjunction of supernumeraries. 
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Ficure 5.—First metaphases, in side view, of six individuals from the Pojoaque 
population. Note the different forms of the 10th bivalent, which may be a homozygous 
acrocentric (953/5 and 953/27), a homozygous metacentric (953/3) or heterozygous 
(953/112). The two chromosomes of which this bivalent is composed sometimes appear 
to be unequal in size (854 and 953/117). 


The supernumerary chromosomes of 7. sparsa are of two kinds, acro- 
centric and metacentric. Both types were found in the Craig and Pojoaque 
populations, the metacentric ones being somewhat more frequent. In the 
small Meeker sample only metacentric supernumeraries were encountered. 
All these types of supernumeraries are heteropycnotic during the prophase 
stages of the first meiotic division in the male. At diakinesis, in particular, 
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they are thick, dark-staining bodies, resembling the X-chromosome in general 
appearance and quite different from the diffuse autosomal bivalents. On the 
other hand, ed do not show any heteropycnosis in the spermatogonial meta- 
phases (fig. 1), when the X shows very obvious negative heteropycnosis. 
There is a no reason to regard them as in any way homologous to, or de- 
rived from, the X, particularly since they show no tendency to pair with it 
during the meiotic prophases. 
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Figure 6.—First metaphases, in side view, from individuals with supernumerary 
chromosomes. 930/4 has one metacentric supernumerary (compare with spermatogonial 
metaphase from the same individual, shown in fig. 1). 930/3 has two metacentric super- 
numeraries; 953/114 has a single acrocentric supernumerary; 953/95 has three meta- 
centric supernumeraries (in one of the two cells shown, two of these are paired to form 
a bivalent while the third is unpaired, while in the other cell all three are unpaired). 
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The meiotic behavior of the metacentric and acrocentric supernumeraries 
differs considerably. A single metacentric supernumerary at diplotene or 
diakinesis is invariably bent upon itself so as to form a short thick U, with 
almost no space between the limbs. At first metaphase, when condensation 
has proceeded still further, the chromosome appears almost spherical, and 
one would hardly suspect that it possessed two limbs unless these had been 
seen in the spermatogonial divisions and during the meiotic prophase stages. 
Such “ spherical ”’ supernumeraries usually attach themselves to the first 
meiotic spindle very close to one or other of its poles and very seldom in the 
equatorial region. Apparently they usually pass undivided to one daughter 
nucleus at the first meiotic telophase and only undergo division at the second 
meiotic anaphase. 

It will be obvious that the behavior of these metacentric supernumeraries 
during the meiotic prophases is exactly what we should expect if they were 
isochromosomes, 7.¢., metacentric elements in which the two arms are homolo- 
gous, so that they pair with one another at meiosis. Since their two arms 
always seem to be exactly equal in length we feel almost certain that this is 
the correct interpretation, which probably applies also to the very similar 
supernumeraries in 7. latifasciata and Circotettix undulatus described in our 
previous paper (WHITE 1949). 

Individuals with two metacentric supernumeraries normally show two spher- 
ical bodies at first metaphase, i.c., the two supernumeraries do not usually 
pair with one another but behave as univalents. They may both be attached 
to the spindle in the neighborhood of the same pole or they may lie one near 
one pole and one near the other, their behavior in this respect being appar- 
ently random. We accordingly believe that a good many of the sperms pro- 
duced by individuals of this type contain two supernumerary chromosomes 
(an equal number would, of course, contain no supernumeraries). This type 
of meiotic behavior would explain why individuals with two supernumeraries 
are relatively common. Very rarely in individuals with two metacentric super- 
numeraries one finds a cell in which the two extra elements have paired to- 
gether to form a bivalent. In this case the two elements are apparently united 
at’ metaphase by a chiasma or chiasmata (there may be one in each arm). 
We are not clear whether the pairing of the two arms in an isochromosome 
supernumerary involves chiasma-formation, 1.e., whether the “ spherical” 
bodies seen at first metaphase have a chiasma between their two arms. 

A single individual from Pojoaque (No. 953/95) possessed three meta- 
centric supernumeraries. In this individual some first metaphases showed 
three supernumerary univalents of the “ spherical” type, but many of them 
showed a single supernumerary univalent and a supernumerary bivalent 
easily distinguishable from the autosomal bivalents on account of its thick, 
heavy-staining appearance. A few first metaphases in this individual had all 
three supernumeraries joined together to form a trivalent, analogous to the 
sex-chromosome trivalent which is seen in certain mantids (WHITE 1940). 
The supernumerary bivalents and trivalents in this individual were usually 
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attached to the spindle in the equatorial region rather than in the neighbor- 
hood of one of the poles. 

The behavior of single acrocentric supernumeraries follows exactly the 
same course as that of the metacentric ones, except that there is no intra- 
chromosomal pairing, 1.e., the supernumeraries appear both at diakinesis and 
at first metaphase as rather stout rods, and never assume the “ spherical ” 
shape characteristic of the metacentric ones. They attach themselves to the 
spindle in the same manner, i.e., close to one or other of the poles, and ap- 
parently always pass undivided into one daughter cell at the anaphase of the 
first division, splitting in the second division. 

We have observed only one individual (No. 931/15 from Craig) with two 
acrocentric supernumeraries. Their behavior was quite different from that of 
the metacentric supernumeraries, since they invariably formed a bivalent, 
being united by a sub-terminal or terminal chiasma. In the majority of the 
first metaphases observed this bivalent orientated itself just like any autosomal 
bivalent, with the two centromeres on opposite sides of the equator and equi- 
distant from it (fig. 2). In these cells it is fairly clear that the two chromo- 
somes of which the supernumerary bivalent is composed regularly pass to 
opposite poles at the first anaphase. In about one fifth of the first metaphases 
observed, however, the supernumerary bivalent was orientated with both its 
centromeres directed towards the same pole, the rest of the bivalent forming 
a large U (fig. 2). Clearly, such divisions must give rise to equal numbers of 
gametes with two supernumeraries and no supernumerary. 

One individual (No. 926/24 from Craig) was encountered which had one 
metacentric and one acrocentric supernumerary. No cases of pairing between 
these two types of supernumerary were observed, both chromosomes being 
always univalents at first metaphase and exhibiting the type of behavior char- 
acteristic of their kind. 

At Pojoaque 26 out of a total of 188 individuals (13.8 percent) possessed 
supernumerary chromosomes, while at Craig 9 out of 73 (12.3 percent) did 
so. These figures may be compared with those for the Roswell population of 
Trimerotropis latifasciata, where 3 out of 26 individuals (11.5 percent) 
possessed a single metacentric supernumerary (WHITE 1949 and later un- 
published work of W. L. Evans). In a population of T. diversellus from 
Yellowstone National Park we have examined 56 individuals, of which 
six possessed single supernumerary chromosomes. Supernumerary chromo- 
somes of the same general type occur in some populations of T. cyaneipennis, 
T. suffusa and Circotettix undulatus. 

In all these cases the genetical situation would appear to be the same, the 
supernumeraries being present in a relatively small fraction (usually about 
1/7th to 1/9th) of the population. However, it is only in T. sparsa and in 
C. undulatus (unpublished observations of W. L. Evans) that individuals 
with more than one supernumerary have been found. Since all these trimero- 
tropine supernumeraries are heterochromatic it is probable that they are 
semi-inert and only produce very slight genetical effects. 
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We have previously adopted the standpoint that if supernumeraries de- 
creased the viability of the individuals carrying them, they would soon dis- 
appear from the population (this may be what has happened in the White- 
water population of 7. sparsa) ; while conversely, if they increased viability, 
irrespective of the number of supernumeraries present, they would increase 
in number until they were present in all the individuals of the population. 
We, therefore, believe that the most probable explanation for the situation 
found in the Craig, Meeker and Pojoaque populations of sparsa and the 
Roswell population of /atifasciata is that single supernumeraries increase the 
viability of the individual slightly, while two or more supernumeraries lead 
to a slight decrease in viability (at least under certain conditions). If this 
were so, an equilibrium would be established in the population, the number 
of individuals with single supernumeraries being kept down to a percentage 
which will not lead to the production of many individuals with two or more 
supernumeraries. Owing, however, to the fact that pairing of supernumeraries 
is highly variable and irregular in individuals with more than one such ele- 
ment, the inheritance of supernumeraries does not follow simple Mendelian 
laws, and we cannot use the Hardy Ratio formula or any modification of it 
to determine the expected frequencies of individuals with 0, 1, 2, . . . super- 
numeraries. In the Pojoaque population of sparsa, at any rate, individuals 
with three metacentric supernumeraries are viable, although we have no 
means of determining whether their viability is equal to that of individuals 
with lower numbers of supernumeraries or with none at all. 

An entirely different interpretation of the role of supernumerary chromo- 
somes has been put forward by OsTERGREN (1945) for plants and by 
MELANDER (1950) for some cases in animals. These Swedish authors are 
concerned with cases where the supernumeraries divide more frequently than 
the ordinary chromosomes at some stage of the chromosome cycle. If this 
were so, they would increase in frequency with each successive generation 
unless they were eliminated by natural selection at an equivalent rate. Thus, 
under such circumstances, supernumerary chromosomes with deleterious 
effects on viability (‘‘ parasitic’ chromosomes as they have been pictur- 
esquely designated by OsTERGREN) might nevertheless persist in natural 
populations. 

The supernumerary chromosomes of the trimerotropine grasshoppers do 
not appear to undergo an increase in number, relative to the other chromo- 
somes, during spermatogenesis, since their mitotic behavior is normal in the 
germ line and they divide in only one of the two meiotic divisions. Unfortu- 
nately, we do not know anything about their behavior during oogenesis; ob- 
viously if they passed into the egg nucleus more frequently than into the 
polar body nuclei, they would tend to increase in number unless a compensa- 
tory counterselection operated in the population. The question whether they 
are beneficial or “ parasitic’ can thus not be regarded as finally settled, but 
for the present we shall assume that they are (at least in “small doses”) 
beneficial or neutral, since it seems probable that the rate of multiplication of 
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a “ parasitic ’’ supernumerary, even if originally higher than that of the ordi- 
nary chromosomes, would, as a result of selection, soon fall to a level at which 
the supernumerary was lost from the population. 


DISCUSSION 
(1) Chromosomal races in T. sparsa 


The present study is incomplete, in that the four populations studied cover 
only a small part of the total area of distribution occupied by the species, the 
western (Utah, northern Nevada, northeastern California), northern (Idaho, 
Wyoming, Montana, Alberta) and eastern (Nebraska, South Dakota, North 
Dakota) parts of that area being unstudied. The relatively few populations 
sampled do, however, present a picture of a highly complex species broken up 
into a number of chromosomal races. Much further work will have to be 
carried out before we can state definitely just how many of these races exist, 
what phylogenetic relationships exist between them, and to what extent they 
are isolated at the present time by geographical barriers or by mechanisms 
involving reproductive isolation. It seems highly probable, however, that T. 
sparsa exhibits the type of geographical distribution described by Wricut 
(1945) as most favorable for rapid evolution: 


“Conditions (1.¢., for rapid evolution) are enormously more favorable in a population 
which may be large but which is divided into many small populations almost but not 
completely isolated from each other....” (Wricut, loc. cit.). 


Provisionally, we recognize two cytological races of T. sparsa, without 
naming them until their taxonomic status can be investigated more com- 
pletely, by comparison with material from other localities. These forms are: 
(A) the form with only 10 pairs of autosomes found at Craig and Meeker 
in northwest Colorado, (B) the form with 11 pairs of autosomes found in 
southwest Colorado (Whitewater) and northern New Mexico (Pojoaque). 
There are some fairly clear-cut differences in external morphology between 
these forms, but the position is complicated by the fact that there are also 
highly significant differences in size and coloration between the Whitewater 
and Pojoaque individuals (which we regard, for the time being, as members 
of the same race although, as pointed out earlier, the Whitewater population 
is cytologically anomalous in several respects). Thus the Pojoaque indi- 
viduals have the hind wings pale yellowish-green, instead of blue, as in all 
the Colorado populations studied. 

In considering these populations of T. sparsa we must first of all discuss 
the significance of the difference in chromosome number between the Craig 
and Meeker populations on the one hand and those at Whitewater and Pojo- 
aque on the other. Hybrids between these two forms would presumably show 
at meiosis a trivalent in which two chromosomes of the 11l-autosome race 
were paired with a metacentric from the 10-autosome race. Such trivalents 
might, of course, show regular pairing and orientation on the spindle, so that 
no aneuploid gametes were formed. It seems more likely, however, that they 
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would show rather frequent failure of pairing and/or mal-orientation on the 
spindle at meiosis, thereby giving rise to a high percentage of aneuploid eggs 
and sperms. If so, the hybrids would be at least partly sterile, and the differ- 
ence in chromosome number would constitute a more or less efficient isolating 
mechanism. It will be very interesting to determine, by further collecting, 
whether the two forms have a “ zone of overlap’ somewhere between Meeker 
and Whitwater, and if so whether hybridization between them occurs in 
nature. 

In view of the small size of the sample from Meeker, it is not clear whether 
any significant differences in cytological constitution exist between this popu- 
lation and the one at Craig: these two localities are oniy 30 miles apart, so 
that it would not be surprising if the cytological composition of the two popu- 
lations was essentially: the same. But this makes it even more strange that at 
Whitewater, only 80 miles from Meeker and 110 from Craig (the three 
localities are almost in a straight line) a population exists whose cytological 
composition is entirely different from those at Craig and Meeker. Much of 
the intervening country appears to be ecologically suitable for the species, 
which certainly occurs at Rifle (35 miles south of Meeker and 50 miles from 
Whitewater ).2 Morphologically, the differences between the Whitewater indi- 
viduals and the ones from Craig and Meeker are relatively slight: the hind 
wings are blue in all three populations, but the individuals from Craig and 
Meeker are considerably smaller, on the average. 

The cytological differences between the Whitewater and Pojoaque popu- 
lations are also profound, but in this case the distance between the two 
localities is slightly over 250 miles. In several respects, however, (relative 
numbers of metacentric and acrocentric autosomes, presence of supernumer- 
ary chromosomes) the Pojoaque population shows closer resemblances to 
the Craig and Meeker insects than to those at Whitewater. Only future work, 
involving much laborious collecting in the intervening territory, will deter- 
mine the extent to which these populations are connected by “clines” or 
separated by areas in which the species does not occur. 


(2) The problem of structural heterozygosity in T. sparsa 


Until a very detailed study of pairing at the pachytene stage has been 
carried out, it will not be possible to state definitely whether the structural 
rearrangements which have converted so many of the originally acrocentric 
chromosome elements into metacentrics in the members of section B of the 
genus Trimerotropis are simple pericentric inversions, shifts, or some other 
type of rearrangement. It is true that CoLemAN (1948) has found that in 
T. gracilis sordida none of the pachytene bivalents in structurally heterozy- 
gous individuals show loops such as would be expected if pericentric inver- 


2It is possible that the Roan Plateau, which follows the Rio Blanco-Garfield county 
line, and is continued westward into Utah as far as the Green River Valley, constitutes 
a geographical barrier between the 21-chromosome race to the north and the 23- 
chromosome race to the south. 
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sions were present, and has concluded that the metacentric elements must be 
ones in which shifts or transpositions of the centromere (presumably with a 
minute segment of the chromosome on either side) have occurred. Although 
inclined to agree with this conclusion, we do not feel that the matter can be 
regarded as finally settled until more detailed studies have been carried out. 

Whatever the exact nature of the structural rearrangements which have 
led to the evolutionary conversion of acrocentric chromosomes into meta- 
centrics, it is clear that crossing over between the loci of the two centromeres, 
in a heterozygous bivalent composed of an acrocentric and a metacentric ele- 
ment would inevitably lead to the production of dicentric and acentric chroma- 
tids. We have never seen such “ bridge’ and “ fragment ” chromatids in any 
of the thousands of first anaphases which we have observed in 7. sparsa, 
T. gracilis, T. suffusa, T. cyaneipennis, T. pseudofasciata, Circotettix rabula, 
and C. undulatus (in all of which heterozygous bivalents consisting of an 
acrocentric and a metacentric are quite common). It is thus fairly certain that 
no crossing over takes place in the region lying between the two centromeres 
of a heterozygous bivalent. Most probably heterozygosity for the position of 
the centromere acts as a crossover-suppressor; but we do not know enough 
about the distribution of chiasmata in the homozygous bivalents to determine 
whether they are localized, even in the absence of structural heterozygosity. 

The cytological polymorphism of 7. sparsa is of the same nature as that 
found in five other members of section B of the genus, five species of Circo- 
tettix and the single species of Aerochoreutes. It is at least highly probable 
that the interpretation in terms of population-dynamics and natural selection 
is fundamentally the same in all these cases. 

Clearly, if in the case of a particular chromosome, one alternative type 
(acrocentric or metacentric) was adaptively superior to the other, it would 
soon replace it entirely, as a result of natural selection, so that the populations 
would not long remain polymorphic. Even if the two alternative types were 
adaptively equal, replacement would probably occur, as a result of “ drift” 
in the relatively small colonies into which the total population of the species 
is subdivided. We are accordingly forced to postulate the existence of some 
special genetic mechanism which ensures the perpetuation of the cytologically 
polymorphic condition. One can imagine several types of such mechanisms. 
In the first place it may be that heterozygotes are adaptively superior to 
homozygotes, as in the case of the paracentric inversions in the third chromo- 
some of Drosophila pseudoobscura (DoszHANsky 1947, 1948; DopzHANSKY 
and LEvENE 1948). Such a situation might well arise if crossing over is really 
suppressed in large segments of the heterozygous bivalents, so that different 
adaptive combinations of genes could be built up in the course of time in the 
acrocentric and the metacentric types of chromosome, without any possibility 
of genetic interchange between them. A heterosis of this type could involve 
either differential viability or differential fecundity, in other words the hetero- 
zygotes might be either more viable or more fertile. In the Drosophila case 
the existence of differential viability has been definitely established, both by 
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laboratory experiments with “ population cages” and by sampling of wild 
populations. Evidence of such differential viability, if it occurs in the tri- 
merotropine populations, could be obtained by a comparison of the numbers 
of homozygotes and heterozygotes actually found with the numbers to be ex- 
pected on the basis of the Hardy-Weinberg equilibrium, provided that the 
populations were not too small, and that mating was at random. Such an 
approach is hardly possible in the populations of T. sparsa described in the 
present paper, on account of the practical impossibility of distinguishing all 
the different heteromorphic bivalents under the microscope. There are, how- 
ever, some other species of trimerotropine grasshoppers in which it is rela- 
tively easy to distinguish the individual bivalents, and in such species a com- 
parison of the observed and calculated frequencies of homozygotes and hetero- 
zygotes should furnish evidence as to whether differential viability exists. 
The hypothesis of differential fecundity of homozygotes and heterozygotes 
would be much more difficult to test, and we see no possibility of investigating 
it under natural conditions. 

Apart from differential viability or fecundity, there remains the possibility 
that acrocentric chromosomes might be favored by one set of environmental 
conditions, metacentric chromosomes by another type of meteorological or 
other factors. It is possible to imagine that acrocentric chromosomes might 
confer a higher viability in years when the onset of summer is precocious, 
while metacentric chromosomes might be adaptively superior when it was 
delayed (or vice-versa). Such a situation might theoretically lead to the 
maintenance of polymorphic populations, provided that there was a more or 
less regular alternation of years in which the different types of chromosomes 
were favored by selection. In such a case one might find deviations from the 
Hardy equilibrium and rather well-marked differences between the composi- 
tion of the individual populations from year to year. 

At the present time we do not feel that there is sufficient evidence to 
justify us in drawing any conclusion as to the genetic mechanism responsible 
for maintaining the very high degree of cytological polymorphism found in 
T. sparsa and a number of other related species of grasshoppers. We do, 
however, feel reasonably sure that some such mechanism exists, #.e., that the 
phenomenon of cytological polymorphism which is manifested to such a strik- 
ing degree in these species of grasshoppers has some adaptive significance. 

The present study may appropriately be compared with those of KING 
(1924) and Hetwic (1929). The first of these authors investigated a single 
sample of 25 individuals of Trimerotropis thalassica from Mt. Lowe, Calli- 
fornia. This is evidently a member of Group B which shows an extreme de- 
gree of structural heterozygosity. According to KING, nine pairs of chromo- 
somes contribute to the cytological polymorphism of this species. Most of 
these chromosomes exist in two alternative types, acrocentric and meta- 
centric, but several of them show more than one metacentric type, apparently 
as a result of supernumerary chromosome regions, which may be present in 
addition to the centromere-shift. The situation is thus extremely complicated 
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and very difficult to analyze. If we accept KiNc’s interpretation of his re- 
sults, the mean number of heterozygous bivalents per individual is 4.2, 1.e., 
approximately twice the figure for the Pojoaque population of T. sparsa and 
four times that for the Colorado populations. T. thalassica is clearly the most 
“extreme ’’ member of Group B so far studied in the complexity of its genetic 
system, but the underlying principles are probably the same as in the “ 
pler ” species. 

The work of Hetwic (1929) on Circotettix verruculatus is noteworthy 
in that a much larger number of individuals (a total of 295) was studied. 
HELwIG’s material came from five: different localities; since there are ap- 
parently no supernumerary chromosomes or chromosome regions in C. verru- 


sim- 


culatus and since only three chromosome pairs contribute to the cytological 
polymorphism, the situation is a great deal simpler than in 7. sparsa and T. 
thalassica. HeLwic found statistically significant cytological differences be- 
tween the populations, one from Michigan being considerably more heterozy- 
gous than the four from various New England localities. On the other hand, 
these differences were nothing like as pronounced as those between the Craig, 
Whitewater and Pojoaque populations of 7. sparsa. HELwic failed to obtain 
any significant deviations from the expected ratios of homozygous acrocen- 
tric, heterozygous, and homozygous metacentric bivalents, so that his work 
does not provide any support for the hypothesis of differential viability of the 
individuals carrying these three types of chromosome combinations; but since 
his largest sample included only 71 individuals, significant deviations could 
hardly have been expected. 
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CORRECTION 


In an abstract (Rec. Genet. Soc. Amer. 1949, p. 119, reprinted Genetics 
35: 139) we stated in regard to T. sparsa: “ On the alkali flats of Nevada and 
Oregon a form occurs which is cytologically monomorphic (apart from 
occasional supernumerary chromosomes), having 3 pairs of metacentric auto- 
somes and 8 pairs of acrocentrics.”” Unfortunately, the material upon which 
this statement was based was incorrectly determined: its taxonomic status is 
still in doubt, but it is definitely not T. sparsa, as is shown by a comparison 
with material of that species from various Nevada localities in the collection 
of the AcaApEMy oF NATURAL Sciences, Philadelphia. 
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SUM MARY 


1. The grasshopper Trimerotropis sparsa is a member of section B of the 
genus, in which the X-chromosome and a number of autosomes have become 
metacentric. It is a cytologically polymorphic species, in which several of the 
autosomes (up to seven in one population) may be represented by acro- 
centric or metacentric chromosomes. Structurally heterozygous individuals 
are hence extremely common. 

2. Four different populations were studied. Three of these are in western 
Colorado (Craig, Meeker, Whitewater) and one in northern New Mexico 
(Pojoaque ). Individuals from Craig and Meeker have 10 pairs of autosomes 
while those from Whitewater and Pojoaque have 11 pairs. 

3. All three populations from Colorado have a mean number of approxi- 
mately 1.0 structurally heterozygous bivalents per individual. In the Pojoaque 
population the mean number of heterozygous bivalents per individual is ap- 
proximately 2.0. 

4. There are far more metacentric chromosomes (and fewer acrocentric 
ones) in the Whitewater population than in the other three. 

5. Supernumerary chromosomes are present in some individuals at Craig, 
Meeker and Pojoaque. They are not present at Whitewater. These super- 
numerary elements are of two kinds, acrocentric and metacentric; it is sug- 
gested that the latter are probably isochromosomes. Individuals with two 
supernumeraries are relatively common, and one individual with 3 super- 
numeraries was found in the Pojoaque population. 

6. Trimerotropis sparsa appears to be a complex species in which much 
local cytological differentiation has taken place. 
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HE synthesis of protein can be considered the quantitatively dominant 

process in growth. On this basis, it would be expected that differences 
in growth rate would depend on differences in the rate of synthesis of and the 
biological activity of proteins. Genetics has adequately demonstrated that 
many metabolic processes, mediated by protein enzymes, are under gene con- 
trol. Contemporaneously, the understanding of the role of these proteins and 
the metabolic processes or cycles they catalyze has been increased. Despite 
these advances, relatively little information is available on the rates of forma- 
tion of enzymes responsible for the characteristic metabolic pattern of the 
individual organism. It is precisely this metabolic pattern which would seem 
to determine growth. 

The research reported in this paper is based on the consideration that heri- 
table differences in growth rate are primarily due to genetic determination 
of the rate of protein synthesis and the variation of the quantitative activity 
of specific enzymes. As a first step in examining this proposal, an investiga- 
tion into the rate of protein synthesis of two related strains of rats which 
differ in body weight and growth rate was undertaken. 

This investigation revealed characteristic differences (RUTMAN, DEMPSTER, 
and TARVER 1949) in the rate at which surviving liver slices from the two 
strains could incorporate the amino acid—methionine, into proteins. This 
work has now been extended to hybrid, backcross and foster-nursed animals. 
The results are reported herein. 


TEST MATERIALS 

Two inbred strains of rats, differing by 20 percent in weaning weight and 
10 percent in mature body weight were employed in the study. The larger 
strain, designated F, was derived from the 122nd generation of the Wistar 
King Albino strain, and the 4th to 7th generation of brother-sister mating at 
this location were tested. The smaller strain, designated J, was obtained from 
the 42nd generation of the Wayne University Fisher Line #344 and the 4th 
to 6th generation of brother-sister mating at this location were used. 

For the purposes of the growth study, data on the I strain, derived from 
the 42nd generation of the hooded Wayne University August Line #990 
were also included. 
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The I and J strains appear to be genetically uniform. However, evidence 
has been obtained for heterozygosity at the hooded and agouti loci, as well as 
for alleles affecting blood antigens in the F strain. The fact that the F strain 
test results are as uniform as those for the J strain suggests that this hetero- 
zygosity has a negligible influence on the biochemical character. 

The animals selected for test within each strain represented, for each gen- 
eration, a rather complete sampling of the sublines established by the brother- 
sister inbreeding. In this way, possible effects due to genetic drift or uncon- 
scious selection in the sublines have been averaged into the strain phenotype. 
In so far as possible, each biochemical test included representatives of both 
inbred strains, while all tests of hybrids, backcrosses or foster-nursed animals 
included controls drawn from at least one of the inbred strains. In addition, 
the individual experiments on reciprocal hybrids or reciprocal foster-nursed 
animals included both genotypes. 

All the animals were maintained on a diet of Purina chow supplemented 
twice weekly with carrots and greens. The cages were cleaned twice weekly 
and the colony dipped for pest control several times during the period Spring 
1948 to Fall 1949, the duration of the tests. 


TEST PROCEDURE 


The basic test procedure employed was the determination of the incorpora- 
tion of radioactive methionine irfto surviving tissue slices from the livers of 
animals of the various genotypes studied. These slices were prepared accord- 
ing to the free hand technique of MELCHIOR and TARVER (1947), care being 
taken to incubate the slices as soon after the death of the animal as was 
possible. In the earlier experiments, both male and female tissues were tested. 
Young females showed a somewhat higher level of incorporation than males. 
As a matter of expediency, later tests were limited to male tissues. 

For the most part, the incorporation experiments were performed on liver 
slices obtained from individual animals. However, the earlier tests were per- 
formed on pools of tissue slices secured from four to six animals from as 
many litters. This variation in procedure resulted in differences in incor- 
poration rate which were found to be due to differences in time between 
sacrifice and incubation during which the slices were held in a 0—5°C iso- 
tonic medium without the radioactive addendum. This effect of low tempera- 
ture on the incorporation system has been independently demonstrated by 
Simpson and Tarver (1950). Correction for these effects was accomplished 
on the basis of model tests of the stability of J and F tissue slice synthetic 
systems under the pre-incubation low temperature conditions (fig. 1), 
whereby it was shown that there is a linear decrease in test activity with 
pre-incubation time. 

One biochemical procedure was employed throughout the entire investiga- 
tion. The procedure was employed without alteration except for the gradual 
improvement in the free hand preparation of the liver slices. The biochemical 
procedure was essentially that of MELCHIOR and Tarver (1947). The test 
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animals were starved 18-24 hours prior to experiment and were sacrificed 
by. stunning, followed by exsanguination via the jugular. The livers were 
excised rapidly, chilled and all but the smallest lobes sliced and pooled in an 
isotonic bath at O-5°C. 500 + 20 mg were weighed into incubation flasks con- 
taining Krebs-Henseleit bicarbonate buffer with 1.33 »M _ pt-methionine 
labeled with radioactive sulfur at the level of 1.5—2.4 x 10* counts/minute. 
The slices were incubated for 2 hours with constant agitation in 95% Oz 
-5% COs environment. Upon completion of incubation, the contents of the 
flasks were denatured with hot IM acetate buffer and washed by repeated 
sedimentation with the buffer. The washed proteins were hydrolyzed with 
8 N HCl for 12-16 hours and the HCl removed by evaporation. The protein 
hydrolysate was freed of cyst(e)ine by reduction and precipitation with 
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Figure 1.—Stability of slices at 0-5°C. Conditions as in table 1. 


CusO and the methionine sulfur in the supernatant converted to sulfate by 
digestion with perchloric-nitric mixture (Pirie’s reagent). The strong acids 
were removed and the radioactive sulfate precipitated with benzidine. The 
benzidine sulfate was filtered on paper, washed, and the radioactivity deter- 
mined by means of a Tracerlab autoscalar. The entire paper and precipitate 
were then titrated with standard base to the end point of phenol red. 

3y the procedure described, the methionine sulfur of the tissue slice protein, 
free of cyst(e)ine sulfur, is obtained in approximately 90 percent yield. Loss 
of methionine does not influence the measurement of specific activity. 


In addition to the tests for rate of incorporation, routine weight measure- 
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ments were obtained for all animals of the genotypes tested, available in the 
colony. 
EXPRESSION OF RESULTS 

Results in this paper are expressed as percent replacement according to 

the formula: 
counts/minute in protein methionine 
counts/minute/nM original methionine x 100 
total »M of methionine recovered from protein 








It will be recognized that the numerator of this fraction represents the »M of 
methionine incorporated into the liver slice protein, so that the expression 
gives the percent of the methionine in the protein replaced by new methionine. 


SOURCES OF ERROR IN THE PROCEDURE 


The biochemical test procedure is believed to measure methionine incor- 
porated into peptide linkage, since the activity is not affected by carrier dilu- 
tion with cysteine, homocysteine, lanthionine and other biological sulfur com- 
pounds. Methionine incorporation is almost completely inhibited in denatured 
slices or in the presence of respiratory inhibitors (azide and cyanide). Solu- 
tion of the metabolically labeled protein in alkaline urea reagent, followed by 
dialysis and reprecipitation, fails to reduce the intensity of labeling. These 
facts strongly support the peptide nature of the incorporation (SIMPSON 
1949). 

The possibility that the observed differences in rates of incorporation arise 
from variations in the intermediary metabolism of the methionine has been 
considered. Investigations of the fate of added methionine in slices do not 
support this possibility. MeLcHior and TARVER (1947) have shown that 10 
percent of the methionine is converted to cyst(e)ine, 5 percent to sulfate, with 
the balance accounted for as unchanged methionine. The data of Simpson 
and Tarver (1950) indicate that reducing the methionine concentration by 
50 percent causes a similar reduction in the rate of incorporation. On the basis 
of these observations, the production of the observed differences in incorpora- 
tion would require differences of the order of five-fold in transformation and 
catabolism of the added methionine. 

Similarly, the dilution of added methionine by inherently different levels 
of free methionine in the tissue is not considered relevant since the level of 
free methionine in rat liver is estimated at 2 mg percent (Wiss 1949) indi- 
cating a dilution of less than 10 percent. 

An average deviation of + 5 percent between triplicate tests on the same 
tissue samples is shown by the test procedure. The variability, computed 
from individual tests drawn from each of 36 separate experiments represent- 
ing all genotypes, gives a standard error of + 0.025 percent replacement. 
This value is approximately the same as the standard error of the mean of 
test results for each of the inbred strains. 
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EXPERIMENTAL RESULTS 
Inbred strains 


Over 20 separate tests of the in vitro incorporation of radioactive methio- 
nine into liver slices from the F and J strains were conducted. The observa- 
tions for each period of test are summarized in table 1. It can be seen that 
the F strain values are consistently higher than those of the J strain, but 
that both show upward drift. The variance of each set of tests is rarely greater 


TABLE 1 


Protein synthesis (% replacement ') in liver slices from F and J strain inbred rats. 


Standard conditions for this and all other tabulated experiments are as follows: 
509 mg liver slices; 5 ml 95%0,-5%CO, saturated isotonic bicarbonate buffer con- 
taining glucose; 1.334M DL-methionine-S**; 2 hr incubation at 36. C with constant 
agitation. 














F strain J strain 
Generation 
No. No. No. % No. No. % 
animals tests replacement animals tests replacement 
4th f 9 4 0.300 13 6 0.112 
(0.00)? (0.02) 
4th f +9 17 6 0.316 22 8 0.109 
(0.01) (0.01) 
Sth-6th ¢ 5 5 0.335 5 5 0.154 
(0.02) (0.02) 
6th-7th J 12 10 0.430 15 13 0.298 
(0.02) (0.02) 
Average 5 26 19 0.377 33 24 0.240 
(0.02) (0.02) 
Average J + 9 34 21 0.374 42 26 0.228 
(0.01) (0.02) 





1Unless otherwise stated ‘'% replacement’’ is uncorrected for deterioration of 
slice activity at 0-5° C. prior to incubation. 
?Standard error of mean. 


than that expected from the standard error of the procedure, + 0.025 percent, 
and the difference between the strains is significant at the one percent level 
(table 2). As was noted in the section on Materials and Methods, model ex- 
periments showed that exposure of slices to low temperature prior to incuba- 
tion causes a decrease in the synthetic rate. The loss of activity is shown in 
figure 1. Table 2 records corrected values derived from data on the time 
interval between sacrifice and incubation for each period of test. 


Correction brings the values for the F strain into reasonable agreement, 
but a real upward drift remains apparent in the J values. A possible explana- 
tion of this increase is to be found in the improved growth of the J strain in 
1949 over 1948. 
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TABLE 2 


Comparison of in vitro protein synthesis for F and J liver slices ($ g only). 








% teplacement 











Test period 
Spring 1948 Fall 1948 Spring 1949 Totals 
Experimental 
results J 0.112 0.154 0.298 0.240 
F 0.300 0.335 0.430 0.377 
P value' < 0.001 < 0.01 < 0.01 < 0.01 
Corrected? 
results J 0.20 0.19 0.30 0.27 
F 0.36 0.36 0.43 0.40 
Ratio F/J 1.8 1.8 





Standard ‘‘t’’ test results. 


*Corrected to Spring 1949 test conditions as described in the text (page 58) for 
the variation in time between sacrifice and incubation. 


Reciprocal hybrids 
As a result of the consistency of the in vitro activity of the inbred strains, 
reciprocal matings were arranged and the hybrid progeny tested. The activity 
averages of table 3 show that the FJ hybrids (F@xJé) have higher ac- 
tivities than their reciprocals and that the variance of the FJ results is the 
same as that for inbred strains. On the other hand, the activity of the JF 


TABLE 3 


In vitro protein synthesis in reciprocal bybrid (JF and FJ) liver tissue ($ ¢) 
(Spring 1948). 





% replacement 











Experimental: JF FJ J F 
All animals 0.148 0.246 0.109 0.316 
No. tests 6 6 8 6 
(0.04)! (0.02) (0.01) (0.01) 
Young animals 
(< 100 g) 0.095 0.227 0.113 0.328 
No. tests 4 4 Pe on 
(0.01) (0.01) 
Older animals 
(~ 200 g) 0.258 0.281 0.098 0.295 
No. tests 2 2 ee soe 
Corrected results: 
All animals 0.24 0.34 0.20 0.36 
Young animals 0.20 0.34 0.23 0.40 
Old animals 0.32 0.34 0.16 0.33 





"Standard error of the mean. 
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(J@xFé) hybrids is intermediate. However, the variance of the JF is 
several times that expected, as a result of the wide divergence between old 
and young animals. Inbred strain tests indicate moderate decrease of activity 
with age, so that the increase of old over young JF is not expected. Separa- 
tion of the averages by age is given in table 3 and shows that JF undergoes 
a change in liver activity phenotype between the sixth and eighth week. 
Despite the small numbers of hybrids tested, the results are deemed to be 
reliable because inbred strain samples assayed in the same tests with the 
hybrids gave the expected values. 

These data show that FJ and old JF hybrids resemble the F strain, but 
that young JF hybrids resemble their maternal parent. 


Reciprocal backcrosses 


Reciprocal backcrosses to hybrid mothers were arranged and individual 
animals drawn from the four backcross classes were tested. The results are 
summarized in table 4. Comparison with inbred strain controls showed that 


TABLE 4 


In vitro protein synthesis in reciprocal maternal (FJ; JF) backcross liver tissue 
(Fall 1948). 














oS 
N No % replacement 
; o. " 
ia naa — litters Experimental Corrected 

results values 
(FJ)xJ' 10 $ 0.303 (0.04)? 0.34 
(JF)xJ 13 6 0.340 (0.05) 0.37 
(FJ])x<F 13 6 0.373 (0.02) 0.41 
(JF)xF 11 5 0.347 (0.02) 0.38 
J paternal class 23 ll 0.324 (0.03) 0.36 
F paternal class 24 ll 0.361 (0.01) 0.39 
JF maternal class 24 11 0.343 (0.02) 0.37 
FJ maternal class 23 ll 0.343 (0.02) 0.37 
Backcross average 47 22 0.343 (0.01) 0.37 
J controls 5 5 0.154 (0.02) 0.19 
F controls 5 5 0.335 (0.02) 0.37 





'All backcross classes show a P value of < 0.001 for the difference from J 
controls. 
?Standard error of the mean. 


the four backcross class averages were not significantly different from the 
F strain value, but were significantly greater than the J strain average. When 
grouped according to paternal classes the similarity to the F level is retained, 
but it can now be seen that J paternal progeny are definitely lower than the 
F class. Maternal classes are identical. As in the case of the JF hybrids, the 
variances give a clue to the difference, for the J paternal progeny showed a 
several fold greater variance than the F. Examination of the values for in- 
dividual animals showed that segregation was occurring, since the J paternal 
class contained numerous low activity specimens. In figure 2, the distribution 
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of individual backcross test results is compared to the control inbred strain 
results. Approximately 50 percent of the J backcross offspring show in vitro 
protein synthetic values characteristic of the inbred parent, whereas only one 
of the comparable F results is to be found in this range. 

Although the individual data are not shown, it can be seen from table 4 
that two or more test animals have been drawn from one litter. Observable 


Parental Classes 


Lol Ee] 


20L Paternal Backcross Classes 
(Bockcross to Indicated ##) 
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Ficure 2.—Distribution of backcross values in multiples of pure strain J activity. 


variation in the values within litters are as great as those between litters, 
indicating that litter environment was not a primary cause of variance in the 
backcross. 


Foster-nursing results 

Four litters of J and F were reciprocally exchanged between inbred strain 
mothers. The transfers took place 12-36 hours after birth so that all animals 
received colostrum from their true mothers. A total of 11 foster-nursed ani- 
mals of each strain were tested. Table 5 shows that foster-nursed J males 
received a potent stimulus from F milk resulting in an increase of the liver 
protein synthetic activity to the level of the F strain. The difference between 
normal and foster-nursed J’s was found to be significant at the P < 0.01 level. 
On the other hand, the foster-nursed F were apparently unchanged. When 
the averages are broken down, it is found that of the 11 J males tested, none 
were below the J strain average and only two were below the highest of the 
controls. Of the F animals, only two were higher than the highest of the F 
controls. These data provide convincing evidence that a real change has oc- 
curred in the activity level of foster-nursed J progeny, but provide no evi- 
dence of changes in the activity of foster-nursed F animals. As will be noted 
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TABLE 5 


Effect of reciprocal foster-nursing of inbred F and J strains on in vitro protein 
synthe sis by liver tissue (Spring, 1949). 





% replacement 














Reciprocal J F 
litter No. No. a Results a No. Results 
nursed tested nursed tested 
1 5 2 0.406 7 3 0.594 
2 7 3 0.423 5 2 0.459 
3 6 3 0.440 7 5 0.406 
4 7 3 0.369 6 3 0.401 
Average eee 11 0.413' eos 11 0.467 
(Standard ( .015) ( .03) 
Error) 
Controls ‘ih 13 0.298 alice 10 0.430 
(Standard ( .02) ( .015) 
Error) 





"P value for comparison to J controls is significant at < 0.01; for comparison to 
F controls the difference is not significant. 


ia the section on growth, the stimulus of the foster-nursing was quite apparent 
in the increased growth of the J strain. 


GROWTH DATA 


Routine weight measurements have been obtained on several hundred in- 
bred J, F and [ strain animals; as well as on the more limited numbers of 
hybrids, backcross and foster-nursed animals. 

It has been found desirable to supplement the weight data with indices of 
growth obtained by use of an equation. For this purpose, the equation de- 
scribed by ZucKER, HALL, YOUNG, and ZUCKER (1941) has been employed. 
According to this equation, 

log W =—K/t + log A, 
where K is the index of growth rate and A a paremeter of ultimate body size. 
It was found that the post-weaning growth data gave a reasonably straight 
line when plotted according to the equation, and estimation of log A by extra- 
polation to the imaginary infinite time (1/t=0) was possible. In addition to 
these indices, a simple measure of relative growth rate designated as R and 
defined as 
10 week weight — weaning weight 
weaning weight 

was also employed. 

The growth characteristics for males of the inbred strains as well as for 
the reciprocal hybrids are given in tables 6 and 7. These data show the weight 
advantage of the F strain, as well as the heterosis of the hybrids. However, 
table 6 also shows that while the F strain advantage is reflected in the A 
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TABLE 6 
Growth data and derived indices for inbred J], F and | strain & & rats. 














Weight in grams at Growth indices 
Type No. 

4wks.* 7 wu HK S&S Rt! sat 
J-1948 62 53 137 207 ove eee oss eee coe 
J-1949 123 57 143 214 iss ve 4.00 2.76 550 
J-1948-9 185 55 141 211 268 280 3.90 2.86 515 
J-nb F** 17 67 165 244 ss it 3.82 2.65 600 
F-1948 113 66 155 230 a8 a ies és coe 
F-1949 54 65 157 233 cos eee 3.79 2.58 560 
F-1948-9 167 66 156 232 286 320 3.78 2.52 555 
F-nb J** 15 66 160 230 ass ose 3.70 2.47 555 
I-1948-9 25 53 144 210 sve see 4.09 2.96 555 





*Time of weaning. 
*Constants from growth equation log W = ~K/t + log A. 
! Defined as 10 week wt.—weaning wt./weaning wt. 
**n.b. signifies nursed by. Comparisons of foster-nursed J weights show t 
values of > 8.0 at all points for the difference from normally nursed animals, assum- 
ing that variance of controls holds for the foster-nursed animals. 


value, the J and I strains exhibit higher post-weaning growth rates, meas- 
ured as either K or R. It is apparent that F has a decided weaning weight 
advantage but that percentagewise, this advantage has been sharply decreased 
at maturity. 

The foster-nursing results further illustrate the components of the growth 
genotype (table 6). Fostered J progeny show absolute weight increases over 
normal J and F, as well as fostered F and there is no apparent depression 
in the relative K and R values of the fostered J’s as compared to fostered 
F’s. The absolute increase in weights as well as in indexes (K, R, and A) 
is to be attributed to an interaction between F maternal genotype and J 
growth genotype. A similar situation arises in the improved J growth in 
1949 over 1948, since the K and R values continue to exceed those for com- 
parable F progeny. This may also be a reflection of enhanced maternal stimu- 
lus since the period of growth improvement coincides with a reduction of 
cannibalism by J strain mothers. 


TABLE 7 
Growth data and derived indices of J, F, and | strain hybrid 3 S rats. 

















Weight in grams at weeks Growth indices 
Type No. 
4 7 10 14 20 K R A 
JF 26 60 169 260 306 352 3.88 3.33 610 
FJ 22 74 188 285 344 381 3.42 2.87 600 
jl 9 68 175 248 one eee 3.91 2.65 595 
IJ 6 63 157 243 ese eee 3.86 2.85 585 
IF 12 75 191 285 ooo ooo 3.90 2.80 700 
FI 8 95 222 308 eee eee 3.52 2.25 700 
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The initial weights of the reciprocal hybrids of table 7 clearly show the 
effects of the superior F maternal environment. This maternally induced 
early advantage of the FJ or FI hybrid tends to dissipate along the growth 
curve as a result of the superior growth rate of the reciprocals. The growth 
curves according to equation (1) are shown in figure 3 and it is apparent 


Weight in Grams 











Time in Reciprocal Weeks 


Figure 3.—Growth curve of reciprocal hybrids according to equation log W—— 
K/t+ log A. Each curve starts at 0.25 reciprocal weeks and terminates at 0.00 
reciprocal weeks. FI$—[]; IF$— J; FJ¢—O:; JFé—@; JI¢é—A; 
Jd g- 
that each hybrid pair converges towards a given A value. The similarity of 
the A values and the disparity of the growth rates of these identical genotypes 
on different maternal backgrounds strongly suggests that hybrid growth is 
a result of the interaction of the two components discerned in the growth 
of the pure strains. These relations hold equally well for the female hybrids. 

The differences in the weights of the backcross classes are small, but the 
advantage of the J backcross progeny at 10 weeks reflects the superior post- 
weaning growth ability due to the preponderance of J factors (table 8). Thus, 
the J factors overcome the slight and perhaps not significant advantage of the 
F at weaning. This difference is to be seen in the K, R and A values. The 
weights of the backcross progeny also indicate that heterosis continues into 
the backcross generation. The weaning weights are as much greater than the 
pure strains as are the hybrid weaning weights, a fact which cannot be ex- 
plained by the heterozygosity of the back crosses alone but requires that the 
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TABLE 8 


Growth data and derived indices for F, 3 S backcross progeny. 

















Weight in grams at Growth indices 
Type No. 
4 weeks 10 weeks K R A 
(FJ)F 28 74 248 3.46 2.22 550 
(]F)F 30 78 258 3.49 2.30 580 
(FJ)J 18 65 252 3.92 2.88 625 
(JF)J 18 77 264 3.66 2.43 610 
F paternal class 58 76 253 3.48 2.33 570 
J paternal class 36 72 260 3.70 2.61 615 
FJ maternal class 46 71 251 3.64 2.53 575 
JF maternal class 48 78 259 3.53 PB Ys 585 





heterosis of the hybrid mother also express itself in a heterotic maternal en- 
vironment. 


DISCUSSION 


The basic finding of this study is that there exists a genotype for protein 
anabolism in the liver of inbred rat strains which expresses determinants 
acting along maternal and individual pathways. Since this conclusion rests 
on in vitro observations, its applicability to intact animals needs be considered. 
Evidence that in vitro systems reflect in vivo conditions is supplied by studies 


of liver enzyme change during dietary restriction (MiLLeR 1948; SEIFTER, 
HARKNESS, RuBIN, and MUNTWYLER 1945), by changes in Qo, with variation 
of thyroid activity (GorpoN and HEMING 1944), and by carbohydrate metabo- 
lism in diabetes (SHorRR 1939). The physiological state of the slice system is 
further attested by the correspondence of observed incorporation rates with 
the in vivo values given by SHEMIN and RiTTENBERG (1944). l‘urthermore, 
it appears improbable that artifacts created by test conditions woul’ arrange 
themselves into a coherent scheme extending into the backcross progeny. 

The gross genetic relations of the liver activity are relatively straightfor- 
ward. J and F genotypes contain different factors which influence the rate of 
uptake of the amino acid methionine into liver proteins. The superior potency 
of the F factors is expressed in the equivalence of the mature hybrids. The 
hybrids also show that one dose of the more potent F factors is sufficient to 
produce the higher activity phenotype. However, the delayed phenotype of 
the JF hybrid reveals the maternal influence. Accordingly, the F factors act 
for higher protein synthesis in liver along both the individual and the ma- 
ternal pathways. 

The absence of sex differences within reciprocal pairs suggests that sex 
linkage plays an insignificant role in the genetic determination. The slight 
but inconsistent tendency of females to show higher values than males is true 
for inbred strains as well as for both hybrid pairs. 

The superior potency of the F factors shown by the hybrids is at least 
partially confirmed in the backcross. The average values for the backcross 
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reciprocals are not significantly different but the distribution of individual 
activities reflects a depressing effect of J factors. Forty-five percent of the 
(JF) x J and the (FJ) x J progeny showed activities of < 0.25 percent re- 
placement, the upper range of the value for inbred J animals. In contrast, all 
but one out of 24 (JF) x F and (FJ) x F progeny showed values of > 0.25 
percent. The similarity to a.one allele segregation is suggestive, but is ob- 
scured by the fact that the backcross contains activity values exceeding the F 
parental range. In view of this limitation, the backcross distribution can be 
taken only to suggest that one factor controls a major portion of the strain 
difference in in vitro liver protein anabolism. 

A differential effect of the F and J maternal genotypes is confirmed by the 
fostering results. The inbred F milk influence is able to increase J liver ac- 
tivity to the F level, while the J milk exerts no apparent effect on the .F 
offspring. In sharp contrast to the effect of F milk is the fact that 50 percent 
of the J backcross progeny show low levels of liver activity despite the fact 
that the hybrid dams themselves have the same level as do the inbred F dams. 
The finding of a lesser potency in hybrid milk indicates a difference in the 
quantitative action of F factors along the two pathways. Evidently, one dose 
of F factors suffices for the higher level when acting within the hybrid animal, 
but is not sufficient to induce this level when acting through the hybrid dam. 

The foster-nursing influence on the liver activity level suggests a further 
aspect of the genetic relations. The response of J progeny to the inbred F 
milk influence indicates that the limitation of J liver activity level results 
from a diminished production of factors which activate the metabolic system 
responsible for the incorporation of methionine into liver protein. Apparently, 
there is an increased accumulation of these activating factors in JF animals 
following weaning on J mothers, since there is a delayed appearance of the 
higher activity phenotype. This formulation implies that at least two geneti- 
cally determined metabolic systems are involved in the phenotype, one of 
which controls the ability to form the incorporation system, the other of 
which influences the degree of activation. This latter system may operate on 
a threshold principle since it induces higher activity in the JF, but fails to 
induce the more potent maternal influence in either JF or FJ dams, whereas 
the F inbred dam, showing the same phenotype as the hybrid dam, also shows 
the more potent milk influence. 

Evidence on the inheritance of levels of metabolic activity is limited. 
Caspari (1946) and Caspari and Ricwarps (1948) have demonstrated that 
mutant allele a reduces pigmentation in Ephestia by altering the rate of con- 
version of tryptophane to kynurenine. Significantly, the alteration of activity 
is accompanied by an alteration in protein composition, lipid content and 
viability. 

The profound influence of maternal environment on the growth of animals 
is supported by ample evidence. On the other hand, specific milk influences 
such as the one for liver activity are poorly understood. The milk trans- 
mission of B vitamins (PEARSON, DARNELL and WerR 1946), of antibodies 
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(SmitH and Hotm 1948) and enzymes (McCance, HutcHinson, DEAN 
and Jones 1949) has been demonstrated. Maternal determination of pig- 
mentation in silk worms (Upa 1923), of caudal vertebrae number in mice 
(RussELL 1948), of keto-steroid excretion (BITTNER 1948) and liver es- 
terase level (KHANOLKAR and CHITRE 1944) in cancer susceptible mice, 
provide evidence of specific influences on developmental and metabolic 
processes. 

The most important example of the genotype acting through milk is that 
of the mammary tumor incitor in mice. Mammary tumor incidence is ascribed 
to the combined action of maternal and individual genotype (FEKETE and 
LittLe 1942) and the susceptibility to a given milk influence varies with 
the individual genotype (Heston, DeERINGER and ANDERvONT 1945). Differ- 
ent maternal genotypes also transmit the influence with varying effectiveness 
(Heston 1946). Analogous to the foregoing, the potency of the maternal 
stimulus for liver activity has been shown to differ between inbreds and hy- 
brids, and the backcross genotypes respond to a given maternal stimulus in 
varying degrees. Further, both the observed maternal influence and the mam- 
mary cancer influence involve stimulus to the protein synthetic systems. 
However, an important difference exists in that, whereas the F, dams differ 
considerably in the transmission of the mouse tumor incitor, the F, dams of 
this study are apparently equivalent as regards milk potency for liver activity. 

Of additional interest is the fact that Wistar strain rats, from which our 
F strain is derived, have a significantly higher incidence of 2-acetamino- 
fluorene induced mammary and liver tumors (BiELScHowskKy 1944; Harris 
1947) than do the August strain rats (DUNNING, CuRTIs and MapspEN 
1947) from which our J strain is derived. 

The observation of genetic differences in liver activity raises the question 
of relations to growth. Previous discussion indicates that growth and liver 
activity are inherited along common pathways. In the case of the liver activ- 
ity, the determinants act in the same direction along both individual and ma- 
ternal pathways whereas for growth, the genotype for higher post-weaning 
growth rates is transmitted by dams constituted for inferior pre-weaning 
growth stimulus, and vice-versa. Growth pattern seems to reflect an adaptive 
balance between maternal influence and post-weaning growth rates. The I 
strain rats show the least effective maternal environment, but the highest of 
the growth indices, while the F strain, given the superior maternal nutrition, 
shows the lowest of the post-weaning rates. The J strain is intermediate. 
The significantly greater heterosis of the I x F hybrids may be related to this 
balance for the parental types involved show the greatest difference in the 
two components of growth. 

Relations between the liver and growth genotypes as indicated by the 
correlations are as follows: a) averages for the weaning weights and liver 
activities of the strains, the crosses and the backcrosses, and the foster-nursed 
progeny showed a + 0.55 percent value, with significance at the 5 percent level ; 
b) post-weaning growth (K) and liver activity showed a value of —0.1 and 
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c) weaning weights and K values were negatively correlated at — 0.76, sig- 
nificant at ihe 1 percent level. 

A similar example of incompatibility between maternal influence and 
growth rates in pigs observed by Dickerson and Grimes (1947), has been 
attributed by these authors to the opposed effects of the dams transmitted 
and direct nutritional influences. 

The tendewey towards an inverse relation between lwer activity and post- 
weaning growth suggests that either the superior activity of F tissue has no 
relation to the differences in growth or acts in the direction of growth limita- 
tion. The former alternative seems unlikely in view of the numerous im- 
portant functions of the liver. A point of attack is suggested by the important 
role of the liver in nitrogen metabolism. The liver quantitatively intercepts 
dietary amjno acids and utilizes these for blood and liver protein formation, 
forming urea from a portion of the remainder. Seventy-five percent of the 
circulating protein is formed by the liver, while 50 percent of the protein 
lost during nitrogen deprivation comes from the liver. Alteration of liver 
metabolism can be expected to influence N metabolism in other tissues. 

One way in which this influence may operate is indicated by enzyme 
studies. Urea formation (LiGHTBopy and KLEINMAN 1940; SEIFTER, HarRk- 
NESS, RuBin and MUNTWYLER 1948), xanthine oxidation (McQuarrie and 
VenosA 1945; Miter 1948), oxidative deamination and transamination 
(KAPLANSKI, BEREZOVSKAYA and SHMERLING 1945; SEIFTER, HARKNESS, 
Rusrn and Muntwy ter 1948) and catheptic activity (ScHuLTz 1949) all 
show decreases during starvation or nitrogen deprivation. Apparently, the 
protein lost by liver is richer in certain catabolic enzymes than that which 
remains behind, and contributes to homeostasis by curtailing the N catabo- 
lism of the liver. 

Evidence of another sort suggests that increased growth can be accom- 
panied by a relative depression of liver activity. It has been reported that 
the weight gains of hypophysectomized animals treated with growth hormone 
are accompanied by decreases in the liver-body weight ratio, although the 
effect is obscure in normal animals (L1 and Evans 1948). Observations that 
growth hormone may reduce the uptake of methionine into liver slices have 
been made in this laboratory. Although the effect is variable, no stimulus of 
activity was obtained in 50 in vitro tests of which 25 showed depressions. 

The foregoing observations suggest that dietary or growth stimuli may 
operate by altering the rate of formation of liver protein, causing changes in 
the quantity of liver catabolic enzymes synthesized per unit new body protein. 
Comparing the observed strain differences in liver activity on this basis, it 
is possible that the higher activities of the F strain animals contribute to the 
post-weaning growth limitation by causing relative increases in the catabolic 
enzymes of the liver. 

A particular function of the liver is suggestive with respect to the ma- 
ternal influence. The liver stores and metabolizes B vitamins such as folic 
acid, riboflavin and By... LepKovsxy (personal communication) has shown 
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that Bye given pregnant rats reduces cannibalism and increases weanling 
vigor. SPORN, RUEGAMER and ELveHJEM (1947) have shown increases in 
Bye in the liver of monkeys on diets supplemented with milk. Thus, a metabo- 
lite stored by the liver, can increase protein anabolism (HARTMAN, DryDEN 
and Carey 1949) and improve the potency of the maternal environment. In 
turn, the latter can increase the rate of protein synthesis in the liver and the 
weaning weight of progeny. It is to be wondered whether the J—F strain 
difference and the fostering influences are related to vitamin utilization, in 
that a genetic difference in vitamin requirement might permit more efficient 
performance on the level of vitamin in the diet. 


SUMMARY 


A consistent and significant difference in the in vitro rate of incorpora- 
tion of methionine into liver protein of two inbred rat strains has been 
demonstrated. 

The factors which control the differences in enzymatic activity act through 
both the individual and maternal genotypes. 

Dominance of the factors responsible for the higher level of liver activity 
is suggested by the fact that both mature hybrids resemble the inbred strain 
of higher activity. 

Backcross distributions suggest that one genetic factor may contribute a 
major portion of the phenotypical difference in liver activity between the 
strains. 

Post-natal environment has been shown to influence the enzymatic activity 
levels of inbred and hybrid progeny. Dams of the strain having higher ac- 
tivity induce this higher level in foster-nursed young of the less active strain. 
In contrast, dams of the lower activity strain delay the appearance of the 
higher phenotype in their hybrid offspring. 

Genetic factors for liver activity and growth differ in that the former act 
in the same direction along maternal and individual pathways whereas the 
genotype for superior maternal growth influence transmits a genotype for 
lower post weaning growth rate. 


Liver protein synthetic activity seems to be positively correlated with 
weaning weight, but unrelated to the post-weaning growth rate. The possi- 
ble relation of these observations to the catabolic role of the liver is con- 
sidered. 
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N INHERITED abnormality expressed as irregular growth in the head 

region of Drosophila melanogaster is being investigated. The trait first 
appeared at the UNIversity or Texas in the spring of 1945 in a wild stock 
collected at Acahuizolta, Mexico, in 1941. The stock was obtained at the Un1- 
VERSITY OF UTAH in 1946 through the courtesy of Dr. WiLson STONE of the 
University oF Texas. The present investigation began at the UNIVERSITY 
oF UtaAu in 1946. Preliminary reports were made by GARDNER (1948, in 
press a) and WootF (1948). Newsy (1949) presented a detailed illustrated 
description of the different expressions of the character. He described internal 
as well as external expressions of the abnormality and reported evidence to 
indicate the presence of internal abnormalities in flies from the inbred tumor- 
ous head stock showing no externally visible expression of the trait. Various 
other phases of the problem have been studied by GARDNER (1950 and in 
press b), WooLF (in press), DEARDEN (in press), Ratty (in press) and 
GARDNER and Storr (in press a, b). 

The inheritance of the tumorous head (tu-h) character was investigated by 
GARDNER and Woo tr (1949). These authors described the action of two 
genes which were involved in the production of the trait. A third chromo- 
some, semidominant gene (tu-3), was required for the expression of the ab- 
normality. A sex-linked gene (tu-1) controlled a maternal effect which was 
expressed only in the presence of tu-3. The penetrance of the inbred tu-h 
stock was about 76 percent at 22°C. Outcrosses between tu-h females and 
males from most laboratory stocks produced about 30 percent of abnormal 
flies in the F, at 22°C. Reciprocal outcrosses between tu-h males and most 
laboratory stocks produced less than one percent of abnormal F, flies. Small 
percentages, not exceeding five percent of abnormal flies, were obtained from 
both reciprocal crosses involving nearly all laboratory stocks studied, in 
the Fo. 

The influence of high and low temperatures on the expression of the tumor- 
ous head character was investigated by GARDNER and Wootr (1950). The 
penetrance was found to increase progressively when the flies from the inbred 
tu-h stock were subjected to increased temperatures from 18°C to 30°C. A 
maximum penetrance of 93 percent was obtained at 30°C. The maternal effect 
was found to be influenced by temperature change while the action of the 
third chromosome factor was not influenced by change in temperature. A 
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temperature effective period was demonstrated during the first 24 hours of 
development in the egg and early larval stage. This critical period was demon- 
strated at both high and low temperatures. It was observed in the results of 
outcrosses with laboratory stocks as well as in the inbred tu-h stock. 

GARDNER and Woo.F (1949) made reciprocal crosses between the inbred 
tu-h stock and eleven different laboratory mutant stocks and four “ wild” 
stocks. The usual pattern of about 30 percent of abnormal flies was observed 
among the F, progeny of all crosses between tu-h females and males from 
other stocks. One percent or Jess of abnormal flies was observed in the F, 
progeny of reciprocal crosses involving all of the stocks studied except 
Oregon R. From this latter cross, comparable results were obtained from 
reciprocal crosses. This was interpreted to indicate that the factor producing 
the maternal effect was carried in the Oregon R stock. Further crosses have 
substantiated this explanation and have indicated the presence of fu-1 or an 
allele of tu-1 in the Oregon stock. The Fe. results from the reciprocal out- 
crosses were comparable. Only small percentages of abnormal flies were ob- 
tained from most crosses in the F2 generation. Reciprocal crosses involving 
the stock carrying the mutant genes aldpdbc px sp/Cy sp produced about 
ten percent of abnormal flies in the F2. This was interpreted to indicate the 
presence of a modifier in this stock. 

. The objective of the present paper is to report the results of a survey in- 
volving other “ wild” stocks maintained in different laboratories, field col- 
lections from wild populations, and tumor-bearing stocks. The survey in- 
cluded 21 * wild’ stocks obtained from the CALIFORNIA INSTITUTE OF TECH- 
NoLoGy, Pasadena, California; CARNEGIE INSTITUTION OF WASHINGTON, 
Cold Spring Harbor, New York; UNIversity oF Texas, Austin, Texas; and 
the LouistaNA STATE UNIversity, New Orleans, Louisiana. One field col- 
lection, made by Mr. and Mrs. STANLEY MULAIK in Texas during the winter 
of 1949-50 has been studied. The six tumor-bearing stocks used in the proj- 
ect were obtained from the Lours1ana STATE UNIveRsiITy and the Cati- 
FORNIA INSTITUTE OF TECHNOLOGY. 

The flies were raised in half-pint milk bottles on the standard cornmeal, 
agar, molasses media. Single pair matings were used in all experiments. In 
some cases mass matings were employed to obtain a larger sample and verify 
the results of the single pair matings. In cases where the parents of a cross 
are symbolized the female parent is always writien first. The percentages of 
abnormal flies are summarized with accuracy to the nearest whole number. 
Percentages smaller than .5 are recorded as 0. 


EXPERIMENTAL DATA 


Genes producing maternal effect in “ wild” stocks 


The results of reciprocal crosses involving 21 “ wild” stocks received from 
different laboratories and one field collection (No. 2) from a natural popu- 
lation are summarized in table 1. The F, results from crosses involving all 
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TABLE 1 


Average percentage of abnormal flies from reciprocal outcrosses between tu-h and 
wild’’ stocks at 22° C. 




















F, F, 
Seiersas8 tu-h x Reciprocal tu-h x Reciprocal 
Wild”’ stocks wild stocks pe wild stocks cross 

n* 5" n % n % n % 

Oregon R 242 20 397 29 296 33 287 28 
Stephenville 1,000 20 1,499 89 881 28 1,047 47 
Crimea 805 23 3,418 29 429 24 507 24 
Cliff, New Mexico 188 13 389 0 230 0 368 0 
Atixco, Mexico 271 28 233 1 12 0 374 0 
U. T. 1930 251 19 548 0 408 0 561 0 
Salta 667 32 569 0 598 0 396 1 
Swedish c 473 20 804 0 1,981 1 437 0 
Swedish b-6 970 20 1,839 0 bea nee 718 0 
Oregon S 410 68 2,430 0 839 0 2,146 1 
Woodbury 188 30 1,338 0 305 9 474 5 
Canton Special 277 25 487 0 251 0 325 0 
Florida 19 124 19 1,631 0 399 9 394 10 
Tuscaloosa 242 24 900 0 1,182 0 410 1 
Lausanne special 170 37 899 0 518 0 150 2 
Amherst-34 330 18 576 5 408 2 197 6 
Kyota 240 25 842 0 775 0 1,230 1 
Seto 527 16 1,108 0 1,388 2 603 0 
Formosa 243 30 1,211 0 664 6 253 11 
Urbana Special 174 25 761 0 538 0 321 1 
California 278 26 845 0 291 0 1,117 0 
Field Collection #2 315 32 1,329 0 867 1 603 5 





* Number total flies. 
** Percentage of abnormal flies with accuracy to the nearest whole number. Per- 
centages smaller than .5 are recorded as 0. 


except three (Oregon R, Stephenville and Crimea) of the “ wild” labora- 
tory stocks show a difference in the results of reciprocal crosses. Approxi- 
mately 30 percent of the progeny from crosses between tu-h females and 
males from the “ wild” stocks were abnormal. From the reciprocal cross less 
than one percent of abnormal flies was obtained in all crosses except the one 
involving Amherst-34 from which five percent of abnormal flies was obtained. 
The different results in the case of the three stocks listed at the top of the 
table were interpreted to indicate the presence of genes producing the ma- 
ternal effect in these stocks. Oregon R was found in a previous study 
(GARDNER and Wootr 1949) to carry tu-1 or an allele of tu-1. Two other 
Oregon stocks, Oregon R-c (DEARDEN unpublished data) and Oregon S 
(table 1) have since been found not to carry factors producing the maternal 
effect. 


The Stephenville stock, obtained from the UNiversity oF TExAs in 1949, 
was found to carry a gene producing a pronouriced maternal effect. Accord- 
ing to Mary LoutsE ALEXANDER, Curator of Drosophila stocks, UNIVERSITY 
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oF Texas, this stock was collected at Stephenville, Texas, by Saran BEpI- 
CHEK PIPKIN in 1938. An average of 89 percent of the progeny from crosses 
between Stephenville females and tu-h males were abnormal. The expressivity 
was also increased. More extensive growths were accompanied by a greater 
destruction of the normal structures of the head. An expression resembling 
that of the eyeless mutant was commonly observed in the results of these 
crosses. The single pair matings produced comparable results indicating that 
all flies in the culture carried the gene in homozygous condition. The Crimea 
stock, obtained from the CARNEGIE INSTITUTION OF WASHINGTON also was 
found to carry a gene producing the maternal effect. Again in this cross single 
pair matings gave comparable results, indicating that the factor was homozy- 
gous in the stock. 

The Fy, results of the original reciprocal crosses were fairly comparable, 
indicating that the maternal effect observed in the F; was not carried over to 
the F.. The expression in the F2 was dependent upon the genotype of the im- 
mediate parents, particularly the mother. F, results involving the three stocks 
listed at the top of table 1 are similar to the F, results from crosses with tu-h 
females. This indicates that the factors producing the maternal effect in these 
three stocks are alleles of tu-1. Previous experiments (GARDNER and WooLF 
1949, 1950) have demonstrated the recessive nature of tu-J, its action in the 
egg and early larva during the first 24 hours of development, and the lack 
of any appreciable influence from tu-1 in hemizygous condition in the male. 
These same characteristics were indicated for the sex-linked factor in the 
Oregon stock (tu-19 GARDNER and Wootr 1949 and table 2), the factor in 
the Stephenville stock (tu-1*, table 2), and the factor in the Crimea stock 
(tu-1°, table 2). 

Experiments were next designed to demonstrate the action of tu-1, tu-1*, 
tu-1°, and tu-1° in different combinations. Dominant markers were used to 
identify the chromosomes which also carried inversions. The marked stocks 
were prepared and the crosses were made by the method described by Garp- 
NER and Wootr (1949). The genotypes of the parents of the final crosses 
are given in table 2 with a summary of the results of these crosses. Cross 1 
was similar to the crosses made within the inbred stock. The second chromo- 
somes were introduced from a marked stock carrying the dominant mutants 
Curly (Cy) and Plum (Pm). The first (tu-1) and third (tu-3) chromo- 
somes were introduced from the tu-h stock. The percentage (74 percent) of 
abnormal flies from this cross was similar to that obtained from the inbred 
stock at the same temperature. In cross 2, tu-1* from the Stephenville stock 
was substituted for tu-1. An average of 96 percent of the progeny was ab- 
normal. This indicates that tu-1* in homozygous condition and in the pres- 
ence of tu-3 was more powerful in producing the abnormality than tu-1 under 
the same conditions. 

The females in cross 3 carried tu-1 in homozygous condition and tu-1* was 
hemizygous in the males. The percentage of abnormal flies (85 percent) was 
slightly higher than that for cross 1 (74 percent). In previous experiments 
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TABLE 2 


Crosses designed to compare the action of tu-1, tu-15, tu-1° and tu-1° and 
summarized results of these crosses. 










































































Cross No. Avg. % abn. 

1. a Release 1315 74 
a a 
3. tu! fu x He ius 356 85 
4 tut fas x + tus 284 80 
oe ae ee 
6. at tee x Canton 694 20 
‘ CIB tu-3 _ tu-l tu-3 : 

7. tel? tu-3 * 7 Ted _ , 
8. tut tes ee 441 37 
9. i alia eg _ . 
10. ik tet y tel? —E 124 23 
ee ee 
12. ful? tu} x ful Lu-3 286 44 
13. ul x fet xi 630 0 
14. wt ia Canton 378 5 
15. tun}? tud , ful tes 564 78 
16. ey eS 613 19 
17. tun? te? x Canton 747 8 
18. sur x Canton 714 0 





(GarpNeER and Woo.F 1949), tu-1 was shown to have no effect when carried 
by the male. Cross 4 demonstrates this conclusion. It is likely that the increase 
observed in the results of cross 3 was only a chance deviation. Both tu-1 and 
tu-1* were present in the females in cross 5. The results were like those of 
cross 1, indicating that tu-1 and tu-1* are alleles. In heterozygous condition 
they favored the lower degree of expression characteristic of tu-1. The females 
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in cross 6 were like those in cross 5 but the males were taken from a “ wild’ 
stock (Canton). The lower percentage (20 percent) of abnormal flies was 
attributed to the absence of tu-3 in the males. Cross 7 involves females carry- 
ing only one fu-1* and a marker (C/B) in the other first chromosome. Four 
percent of abnormal flies was produced. This small percentage may be attrib- 
uted mainly if not entirely to the independent action of tu-3. A slightly lower 
percentage (2.9) of abnormal flies was obtained previously from a similar 
cross in which only one fu-1 gene was present (GARDNER and Woo .F 1949). 

Only two tu-3 genes were present in cross 8 and none were in cross 9. 
These crosses demonstrate the basic importance of fu-3 in the expression of 
the trait. Cross 10 is similar to cross 8 except for the substitution of tu-1* 
for tu-1 in the female. The females in cross 11 and 12 carry tu-1° in homo- 
zygous and heterozygous condition, respectively. The results of these crosses 
indicate that tu-1 and tu-1° are alleles. The difference in the results of the 
two crosses, if a significant difference exists, may be attributed to the number 
of tu-3 genes present. The females in cross 13 were homozygous for tu-1°. 
Neither the females nor males carried tu-3 and, therefore, no abnormal flies 
were obtained. Both fu-1° and tu-1 were present in the females in cross 14. 
The small percentage of abnormal flies may be attributed to the single tu-3 
gene present. Cross 15 was similar to cross 1 except for the substitution of one 
tu-1° chromosome from the Oregon R stock. The results were comparable 
with the results of cross 1 indicating that tu-1 and tu-1° are alleles. Cross 16 
carried tu-1° and tu-1° in heterozygous condition. The decrease in percentage 
of abnormal flies was attributed to the presence of only two tu-3 chromo- 
somes. This result demonstrates the allelic relationship which exists between 
tu-1° and tu-1°. Cross 17 carried only one tu-3 chromosome and a correspond- 
ing decrease in percentage of abnormal flies was observed in the results. No 
tu-3 chromosomes were present in cross 18 and no abnormal flies were pro- 
duced. These results indicate that tw-1, tu-1°, tu-1° and tu-1° are alleles. They 
all produce the maternal effect but are dependent for their expression of the 
tumorous head character upon tu-3. 

The allelic relationship of tu-1 and tu-1* and the maternal effect which 
they control was further demonstrated with a series of backcrosses. The re- 
sults are summarized in table 3. Parallel crosses were made with the Canton 
stock as a control. When the F, females from the cross between tu-h females 
and Stephenville males were crossed back to tu-h males 51 percent of ab- 
normal flies was obtained. From the backcross of the F; of the reciprocal 
cross to the tu-h parent, 33 percent of abnormal flies was obtained. When 
the F, males from the reciprocal crosses were crossed back to tu-h females, 
26 percent and 18 percent of abnormal flies was obtained, respectively. From 
the crosses between the F; females from the reciprocal crosses and Stephen- 
ville males, 9 percent and 12 percent of abnormal flies were obtained, re- 
spectively. These percentages were smaller than expected. A mechanical dif- 
ficulty occurred in the incubator during the period while the progeny of these 
crosses were in their first 24 hours of development and the temperature was 
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TABLE 3 


Average percentage of abnormal flies from backcrosses involving Stephenville and 
tu-h at 22° C. Similar crosses with Canton and tu-h are given for comparison. 





Backcross to 


Backcross to tu-h 
other stocks 








P female P male 











F, x tu-h tu-h x F F, xP P xF, 

N % N % N % N % 
tu-h Stephenville 416 51 476 26 404 9 449 41 
Stephenville tu-h 515 33 455 18 571 12 271 32 
tu-h Canton 212 0 897 36 224 0 262 0 
Canton tu-h 605 0 570 50 266 0 231 0 





lower than 22°C during that period. This may account for the low percent- 
ages of abnormal flies in these two crosses. When Stephenville females were 
crossed with F, males from these reciprocal crosses 41 percent and 32 per- 
cent of abnormal flies were obtained. Less than .5 percent of abnormal flies 
was obtained from all parallel crosses involving Canton, except the one be- 
tween tu-h females and F, males. The 36 percent and 50 percent of abnormal 
flies produced from these latter two crosses can be attributed to the maternal 
effect of the tu-h females to which the F, males were crossed. 

Since the tu-1* gene was found to have a more pronounced maternal effect 
than tu-1 a new stock was synthesized in which tu-1 was replaced with tu-1*. 
A penetrance of about 90 percent was obtained at 22°C. The new stock has 
now been inbred for twelve generations without any appreciable change in 
penetrance. From a recent check in which 460 flies were classified, 432 or 94 
percent were found to be abnormal. The average penetrance in the tu-h stock 
has remained at about 75 percent at 22°C during the past three years of 
inbreeding. 


Modifiers of tu-3 in “ wild” laboratory stocks 
The Fy. results summarized in table 1 are fairly comparable for reciprocal 
crosses. All crosses except those involving the stocks carrying genes for the 
maternal effect showed only small percentages of abnormal flies. Crosses in- 
volving three stocks, Woodbury, Florida 19, and Formosa, produced more 
than five percent of abnormal flies in the Fy. These results were interpreted 
to indicate the presence of modifiers for tu-3 in these stocks. The locations 


of these modifiers have not been determined. In a previous study (GARDNER 
and Wootr 1949) the laboratory stock containing aristaless, dumpy, dachs, 
black, curved and speck on one second chromosome, and Curly and speck on 
the other (aldpdbc px sp/Cysp) was used in similar reciprocal crosses. 
About ten percent of abnormal flies was observed from both of the reciprocal 
crosses. The average proportion of abnormal flies obtained in the F. from 
crosses involving other stocks did not exceed 5 percent. 














MATERNAL EFFECT IN DROSOPHILA 79 
Field collections from natural populations 


The presence of genes producing a maternal effect in combination with tu-3 
in three different ‘ wild” laboratory stocks, from a total of twenty-one, sug- 
gested the desirability of sampling natural wild populations. Samples from 
the vicinity in Mexico where the tumorous head stock was originally collected 
would be particularly interesting. One of the “ wild” laboratory stocks tested 
(Atixco) was reported by Mary Louise ALEXANDER, Curator of Drosophila 
stocks, UNIvEeRsiTy oF TExAs to have been collected one mile south of Atixco, 
Puebla, Mexico, on September 5, 1947. The Atixco stock used in the present 
study was received from the UNIversity oF Texas in the spring of 1949 
and was used as soon as it could be established in the laboratory. The stock 
did not carry the factor for the maternal effect nor the modifiers for tumorous 
head at the time it was tested. Attempts to obtain samples of natural popula- 
tions from Mexico have not been successful. 

Three collections of Drosophila melanogaster from natural populations 
in different parts of the United States have been secured but in only one case 
have the flies from the original collection been successfully tested. This one 
(field collection No. 2) was a large sample collected by Mr. and Mrs. 
STANLEY MULAIK six miles east and 1% miles north of Edinburg, Texas, 
December 28, 1949. Six females from the first generation following the origi- 
nal collection were mated with tu-h males and five males from the original 
collection were crossed with tu-h females. No deviation from the usual pat- 
tern was observed in the F,;. Among the Fy» results from crosses made from 
the individual F, cultures a difference was observed in the results of pair 
matings. Three of the six cultures from the original cross between females 
from the field collection and tu-h males produced about ten percent of ab- 
normal flies. The individual percentages were 10, 14, and 9 for the three 
cultures. The other three from the same kind of mating produced less than 
.5 percent of abnormal flies. A difference was also observed among the five 
F, cultures from the original reciprocal cross but the percentage of abnormal 
flies was smaller and the significance is doubtful. One difference should be 
pointed out between the results from pair matings involving this field collec- 
tion and those with inbred laboratory stocks. The factors for the maternal 
effect and the modifiers in the different laboratory stocks have all been pres- 
ent in homozygous condition in all individuals in the stock, as indicated by 
the comparable results of the single pair matings. Since the inbred stocks are 
maintained by transferring one or a few pairs of flies to a new culture bottle 
periodically it might be expected that the genes segregating in the original 
population would either be eliminated or become homozygous after a few 
generations. The results from the field collection indicated that a modifier 
was present in some flies but not in others. It might be expected that the 
modifiers will become homozygous in all the flies or will be eliminated, if the 
stock is maintained in the usual way in the laboratory. 
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‘Tumor bearing stocks 


A pronounced difference between the tumorous head phenotype and that 
of the internal tumors described by Starx (1919, 1937), Stark and BripGEs 
(1926), Witson (1924), and Russett (1940, 1942) was recognized early 
in the present investigation. The term “ tumorous head” was used only as a 
descriptive term to identify an enlargement or growth. There was no inten- 
tion to imply any relationship between tumorous head and any other stock 
for which the word tumor was used. The visible growths in the tumorous 
head stock are localized in the surface of the body of the adult flies, in the 
head region. Newsy (1949) has also observed abnormal internal growths. 
The tumors described by the authors cited above appeared internally in all 
parts of the body including the head. Most tumors identified, however, were 
in the abdominal region. Those studied by Witson (1924) and RusseELy 
(1942) were melanotic. Deposits of black pigment are sometimes found asso- 
ciated with the growths observed in the tumorous head stock but most of 
these growths are not melanotic. 

Bripces (1916) described the first case of a tumor in Drosophila melano- 
gaster. Because of its lethal nature he identified the gene and tumor bearing 
stock as /(1)7 tumor, and described the tumor as “ malignant.” All of the 
larvae homozygous for the gene developed melanotic tumors and died before 
pupation. StarK (1919) described a non-lethal tumor which appeared as a 
mutation in the /(1)7 stock. StarK (1937) found the same tumor to be 
benign in nature. STARK and BripGes (1926) ‘studied this non-lethal tumor 
and found that the inheritance was dependent upon numerous differential 
genes which differed in effectiveness. The major gene was a third chromo- 
some recessive located about 25 units to the right of roughoid and 15 units to 
the left of Dichaete. Both factors involved in the production of tumorous head 
are homozygous viable. Ratty (in press) has shown that the viability of the 
flies from the tumorous head stock is lower than that of the normal controls. 
The two tumors studied by Witson (1924) came from unrelated strains of 
flies. Both were dependent on multiple factors, the most important of which 
were located in the second and third chromosomes. RussELtt (1940) de- 
scribed five benign tumor strains and one “ malignant” tumor strain. Both 
environmental and genetic factors were influential in the production of these 
tumors. A variation from a very low penetrance to 100 percent was obtained 
in the different tumor bearing stocks described above. 

Even though the phenotype of tumorous head was different from that of 
the tumor bearing stocks described by other authors, both seemed to reflect a 
condition of abnormal growth during the larval stage. This resemblance made 
it desirable to determine whether or not tumorous head was related geneti- 
cally to any of the tumor bearing stocks. Experiments were designed to test 
these stocks by the same method used on the “ wild” stocks. The objective 
was to determine whether or not the tumor bearing stocks carried either of 
the genes identified in the tumorous head stock or modifiers of these genes. 
Six tumor bearing stocks received from the Lourst1ANa STATE UNIVERSITY 
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and the CaLirorNiIa INSTITUTE OF TECHNOLOGy were tested. Table 4 sum- 
marizes the results of the reciprocal crosses which were carried to the F. gen- 
eration. The results were similar to the usual pattern from crosses involv- 
ing stocks carrying neither tu-/, tu-3 nor modifiers for them. It may be 
concluded from the results that none of these six stocks carry alleles of the 
tu-h genes and none carry modifiers having an appreciable effect. 


TABLE 4 


Average percentage of abnormal flies from reciprocal crosses between tu-h and 
tumor bearing stocks at 22° C. 





F F 











1 2 
Tumor bearing stock tu-h Xtumor Reciprocal tu-h X< tumor Reciprocal 
stock cross stock cross 

N % N %o N % N % 

rer? “4 938 30 476 0 161 1 314 0 
tut] 1,109 20 337 0 540 0 243 0 
tu& 1,040 26 1,045 0 82 1 562 0 
st sr e® roca, tu-36a 346 31 305 0 594 1 545 2 
aa tu-36° ‘ 392 32 312 0 181 0 831 0 
(1)7, dl-49, y Hw m2 g 417 17 337 OO 520 0 A2 0 





Other phenotypes have been described in the literature which are similar 
in some respects to the tumorous head phenotype discussed here. Stocks 
carrying genes for two of these (Lobe and eyeless) have been compared and 
crossed with tumorous head. The phenotypes were found to be consistently 
different and the results of crosses showed that neither alleles nor modifiers 
of the tumorous head genes were carried in either of these stocks. One other 
phenotype which apparently bears a resemblance to one expression of tumor- 
ous head was described by Dr. BentLeEy Grass (1944) and was called 
“erupt.” The gene responsible for this character was located in the third 
chromosome. The expression was described as a palp-like structure arising 
from the center of the eye. Unfortunately the “erupt” stock has not been 
made available for comparison. It would be of interest to determine whether 
or not these two stocks are genetically related. One of the two major genes 
in the tumorous head stock is located in the third chromosome. Studies de- 
signed to determine its exact location are now in progress. This third chro- 
mosome gene (tu-3) could be an allele of the erupt gene. The other major gene 
in the tumorous head stock is sex-linked and produces a maternal effect which 
can be altered by temperature changes at an early critical period. This gene 
and the resulting phenomenon would seem from the description (GLAss 
1944) to have no parallel in the erupt stock. It should be pointed out also that 
although the erupt phenotype would seem from the description to be similar 
to one expression of tumorous head, the tumorous head growths appear com- 
monly in other parts of the head as well as in the eyes. The behavior of 
tumorous head in crosses with other stocks (cited in this paper) seems quite 
different from that of erupt when crossed with the same stocks (GLASS 
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1948). A direct comparison and the results of appropriate crosses between 
the two stocks will be necessary to determine whether or not they have any- 
thing in common. 


SUMMARY 


Twenty-one “ wild” laboratory stocks and one field collection were crossed 
reciprocally with the tumorous head stock. Of these, three (Oregon R, 
Stephenville, and Crimea) were each found to carry a gene producing a ma- 
ternal effect in combination with the basic gene (tu-3) of the tumorous head 
stock. The three genes were recessive and sex-linked and were alleles of the 
sex-linked gene (tu-1) from the tumorous head stock. The action of the 
genes from tumorous head (tu-1), Oregon R (tu-1°) and the Crimea (tu-1°) 
was fairly comparable as indicated by the percentage of abnormal flies pro- 
duced in the F, progeny of crosses involving these stocks. The gene in 
Stephenville (tu-1*) had a more pronounced maternal effect than any of the 
other alleles. When tu-1* was combined in the same stock with tu-3, a pene- 
trance of about 90 percent was obtained at 22°C, compared with about 75 
percent in the inbred tumorous head stock at the same temperature. The F> 
results indicated that three of the wild stocks (Woodbury, Florida 19, and 
Formosa) carried modifiers which did not influence the maternal effect but 
increased the independent action of the third chromosome gene (tu-3). Six 
tumor bearing stocks were crossed reciprocally with tumorous head and the 
results indicated that no genetic relationship existed between the tumors 
previously described by other authors and tumorous head. 
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N 1947 Watsu and MoNTGOMERY, on the basis of an antiserum obtained 

from a woman who -had given birth to an edematous, macerated fetus, 
described a new human agglutinogen present in 48.6 percent of the sample 
of 253 Australians whom they tested. SANGER and RAcE (1947) discovered 
that the new agglutinogen was non-randomly associated with the M-—N 
groups: in a sample of 190 unselected English bloods 72 percent of the MM 
bloods tested gave positive reactions for the new antigen, but only 33 percent 
of the NN bloods were agglutinated by the test serum. A second example 
of the agglutinin, which had been termed “ anti-S,” was shortly described by 
PickLEs (1948). Further studies (SANGER, RAcE, WatsH and Mont- 
GOMERY 1948; RAcE, SANGER, LAWLER and BERTINSHAW 1949) led to two 
alternative hypotheses concerning the relationship between the new S factor 
and the MN groups, namely, 1) there are four alleles, 7S, 1, NS, and N, 
occurring in a sample of 580 unrelated English subjects with the frequencies 
.256, .279, .081, and .384 respectively, or 2) there is a pair of alleles, S and 
s, closely linked to the MN groups, no recombination having been observed 
among 82 relevant children. According to the latter hypothesis the frequency 
of the S gene responsible for the S-antigen would be .337 and the frequency 
of its allele, s, .663, the two genes being associated with the JJ—N genes with 
the frequencies stated above. 

Recently, in connection with a study of the inheritance of sickle cell anemia 
in the American Negro, we have had occasion to test 306 Negroes from 52 
different kindreds with regard to ABO, Rh, MN, and S blood types. The 
anti-S serum used in this investigation was very kindly supplied by Dr. R. R. 
Race, to whom we are greatly indebted. The serological tests were directed 
primarily at the detection of discrepancies between legal and biological par- 
entage, and at an evaluation of the possible linkage relationships of the gene 
responsible for the sickling phenomenon. The tests also provide the first data 
on the inheritance and frequency of the S factor in the American Negro, 
and this aspect of the work will be the subject of the present paper. 


PRESENTATION OF DATA 
The data obtained may for purposes of convenience be divided into two 


parts, namely, data involving complete families (father, mother, and one or 


1 This investigation was supported in part by a grant from the U. S. Pusitic HEALTH 
SERVICE, to which grateful acknowledgment is made. 
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more children), and data involving partial families (children but only one 
or neither parent). A single kindred (i.e., related group) may contain families 
of both types. An unfortunately large share of our data falls into the “ partial 
family ” category, this reflecting the high incidence of broken families in the 
population studied. 

The MN and S data on 32 complete families are given in table 1. Indi- 
viduals giving a positive test for the S-factor are indicated by S in the 
phenotype column, and individuals with a negative test, by s. It will be 
observed that of 41 children of S-negative parents, all are S-negative. The 
ratio of S-positive to S-negative children in sibships originating from the 
marriage of an S-positive and an S-negative person and selected because of 
the occurrence of one S-negative child, is, excluding from consideration the 
one S-negative child on whom the ascertainment is based, 24:17, a satis- 
factory approximation to a 1:1 ratio. (In families 19 and 29 one child is 
excluded from consideration because of a discrepancy between its serology 
and the serologies of the putative parents.) In two marriages between S- 
positive parents, S-negative children resulted. The data, then, are entirely 
consistent with the hypothesis that Negro as well as Caucasian populations 
can be divided into two groups on the basis of certain antisera, with the 
difference between positive and negative reactors depending on a single pair 
of genes, a dominant S resulting in the presence of the antigen, and a re- 
cessive s in its absence. On the basis of this hypothesis the genotypes of the 
persons involved in the family studies have where possible been indicated in 
table 1. 

The estimation of gene frequencies in family data presents certain mathe- 
matical problems which have recently been treated by CoTTERMAN (1947) 
and Finney (1948a, b). In the entire sample of 306 individuals there are 
220 S-negative persons, from which the frequency of the S gene can be placed 
at .152 and of s at .848. This estimate fails to take into consideration the 
fact that the 306 individuals tested occur in 52 kindreds. More specifically, 
to calculate a standard error on the basis of 306 determinations would be to 
ascribe to the estimate a greater accuracy than is the case. One alternative 
is to base our estimate entirely on the unrelated individuals contained in the 
sample, in which case the frequency of s, on the basis of 96 determinations, 
is .829. A second alternative is to utilize the method proposed by CoTTERMAN, 
analyzing each kindred into its constituent parts in the most efficient manner 
possible. 

Table 2 constitutes an estimation of the frequency of the genes S$ and s in 
these data following this method. The alternative method proposed by 
Finney, while slightly more efficient, is also somewhat more cumbersome. 
The mathematical tables developed up to the present time are appropriate 
only for single family data. Since some of our kindred data involve three 
generations, there is thus a certain loss of information. Where, for instance, 
as in one of the kindreds studied (#1418), we have data on a married 
couple (a and b), one parent of each (c and d), and three children of a and 











The results of tests for the MN and S blood factors in 32 families. 
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TABLE 1 





Further explanation in text. 











































































































Father Mother 1 2 3 4 
Kindred| Family 
number | number | Pheno- Geno-| Pheno- Geno-| Pheno- Geno-|Pheno- Geno-| Pheno- Geno-| Pheno- Geno- 
type type type type type type type type type type type type 

1143 1 MNS MNs MsNs| MNS NS NS Ns 
1143 2 NS NSNs| MNs Ms Ns}| MNS  MsNS]| MNs_ MsNs 
1413 3 MNs MsNs]| Ns NsNs]| Ns Ns Ns 
1418 4 MS MS Ms| MNs Ms Ns} MS MSMs| MNs’- MsNs]| MS MS Ms 
1424 5 Ns NsNs| MNs Ms Ns] Ns Ns Ns]| Nx* 
1424 6 Ms Ms Ms} Ns NsNs| MNs MsNs| MNs' MsNs}| MNs’ MsNs]| MNs’~ MsNs 
1430 7 MNs MsNs| MNs MsNs{| MNs MsNs]} MNs’7~ MsNs] Ns Ns Ns 
1501 8 Ms Ms Ms} MNS MSNs}| MNs MsNs]| MNs’~ MsNs]j] MS MS Ms 
1525 9 Ms Ms Ms} MNs MsNs}| MNs’ MsNs]| Ms Ms Ms} MNs MsNs] MNs_ MsNs 
1525 10 NS NSNs]}| MNs MsNs}| MNS MsNS| MNS’~ MsNS/ Ns Ns Ns} NS NS Ns 
1525 1l MNs Ms Ns} MNs MsNs| MNs’ MsNs 
1525 12 MNs Ms Ns| MNs MsNs{ MNs’ MsNs 
1534 13 MNs Ms Ns|_ MNs MsNs{| MNs_ MsNs] Ns Ns Ns} Ns Ns Ns 
1561 14 Ms Ms Ms} Ms Ms Ms} Ms Ms Ms 
1563 15 MS MS Ms} NS NSNs{| MNs_ MsNs 
1572 16 MNS MSNs| MNs Ms Ns] Ns Ns Ns 
1572 17 MNS Ms NS} MNS Ms NS] Ms Ms Ms 
1572 18 MNs Ms Ns| MNs Ms Ns} Ms Ms Ms 
1589 19 MNS MSNs| Ns NsNs| MNS’' MSNs] Ns NsNs| MNS MSNs]| MNS’ MSNs 
1593 20 MNs Ms Ns| MNS MNS MNs MsNs 
1606 21 Ms Ms Ms| MNS MSNs}|} MNs MsNs{| MNs’' MsNs]}| MNs’~ MsNs 
1617 22 MNs Ms Ns| Ns Ns Ns} Ns NsNe| MNs MsNs}| MNs’ MSNs] Ns Ns Ns 
1619 23 MNs Ms Ns| MS MS MS Ms | MS MS Ms 
1622 24 MS MS Ms| MNs Ms Ns} Ms Ms Ms | MS MSMs} MNs MsNs]| MNs’~ MsNs 
1624 25 MNs MsNs| NS NSNs| MNs’ MsNs]| Ns NsNs}| MNs MsNs]| MNs’ MsNs 
1627 26 NS NSNs| Ms MsMs{| MNs MsNs| MNs' MsNs}| MNS’ MsNS; MNs’~ MsNs 
1628 27 Ns Ns Ns | MNS MSNx} MNS MSNsj MNS’' MSNs 
1630 28 MNS MSNs| MNs MsNs| MNs_’ MsNsj] Ns NsNs]| MS MS Ms | MS MS Ms 
1631 29 NS NSNs| Ms MsMs{| MNS MsNS}| MNS MsNS}| MNs’ MsNs]| MNs’- MsNs 
1640 30 Ms Ms Ms{| MNs Ms Ns} Ms Ms Ms {| MNs’_ MsNs 
1690 31 MNs MsNsj] Ns Ns Ns]| Ns Ns Ns 
1742 32 MNs MsNs| MNs_~ MsNs] Ns NsNs}| MNs’ MsNs| Ns NsNs}| MNs’_ MsNs 





























b, maximum efficiency with the techniques now available results from ignor- 
ing the data supplied by the three children and utilizing the two parent-child 


combinations, a—c, and b-d. Because of the fact that the gene frequency 
of s falls in the neighborhood of 0.8 it is, paradoxically, more efficient to 
neglect in the tabulations the children of marriages where determinations are 
available on both parents—this accounts for the high proportion of “ unre- 
lated ” persons and the absence of entries pertaining to various numbers of 
offspring where both parents had been studied. Table 2 shows that the scored 
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TABLE 1 


The results of tests for the MN and S blood factors in 32 families. Further explanation in text. 


5 6 7 8 9 


Pheno- Geno- | Pheno- Geno-| Pheno- Geno-| Pheno- Geno- 
type type | type type | type type | type type 


Fathers are siblings. 


* Not tested for S. 


Mother same as child #1 
above. 


1 and #2 twin girls. 
MNs 


Father #3 in #9. 
Father #4 in 


Father is sib of mother in 
family #18. 


* Paternity exclusion on 
basis of A-B-O groups. 


land #2 twin 


* Paternity exclusion on 
basis of Rh blood type. 





Ms Ns MNs Ms Ns 


family data of 170 persons are equivalent to 108.62 unrelated individuals, in 
whom the frequency of s may be estimated to be .841 + .026, and of S, 
159 + .047. 

We may next consider the relation of the S reaction to the M and N fac- 
tors in these data. Table 3a indicates that in the total data the relative fre- 
quencies of M, MN, and N types among individuals testing S-positive 
differs from the relative frequencies of these same types among the S-negative 
persons, x” being significant at the 1 percent level. An inspection of the table 
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TABLE 2 


Estimation of the frequency of the S-s gene pair in a sample of 170 persons some of 
whom are related to one another, utilizing the method of Cotterman (1947). 











Number Number S-positive s-negative a+b= Weight (w) Weight (w) 
anene children (a) (b) k at q=0.80 at q =0.85 
tested 
Unrelated and 
2 parents ies 18 44 62 1.0000 1.0000 
1 1 6 8 14 0.6923 0.6852 
1 2 7 8 15 0.5243 0.5175 
1 3 0 8 8 0.4211 0.4151 
1 4 0 10 10 0.3516 0.3464 
1 5 5 19 24 0.3011 0.2972 
1 6 0 7 7 0.2642 0.2602 
1 7 4 4 8 0.2349 0.2313 
0 2 3 7 10 0.6792 0.6758 
0 3 3 3 6 0.5143 0.5103 
0 6 0 6 6 0.2975 0.2942 
Totals ‘na, 46 124 170 
At q = 0.80:S (wb) = 77.2098, S (wk) = 109.0593. 


nou 





At q = 0.85:S (wb) = 76.8265, S (wk) = 108.5297. 
_ 0.0680 \ _ ghee 
q? = 0.6400 + 0.0825 (2sete = 0.7080; q = 0.841. 


i 0.0680 4 
S(wk) = 109.0593 — (9:0680) 0.5296 = 108.6233. 


Via) = ZS = 9-0006720; 7, = 0.026. 
suggests that there are two more or less distinct components to this x?. On 
the one hand, M individuals are more often S-positive (45.6 percent) than 
are N’s (23.4 percent), in corroboration of the observations of others on 
Caucasians. On the other hand, table 3a also reveals an apparent excess of 
MN individuals over expectation, this excess appearing among the S-negative 
persons (x? = 5.78, d.f.=1; P < .05). However, in interpreting these findings 
it must be recalled that we are dealing with family data. The application to 
such data of a x” test wherein each person is given unit weight is not entirely 
valid; unfortunately, the necessary weighting techniques have not yet been 
developed. As noted above, it is possible to extract from the total data in- 
formation on 96 unrelated persons; the x” test may be applied without reser- 
vation to this group. In this smaller body of data neither the association 
between M and S nor the excess of MN persons is observed (table 3b). Why 
there should be this apparent difference in the findings regarding S, other 
than through the operation of chance and a disproportionate contribution of 
MS-positive individuals to the parentage of the children included in the total 
data, is not at the moment obvious. So far as the MN findings are concerned, 
an analysis of the family data suggests two different reasons for the apparent 
excess of MN individuals. It appears, on the one hand, that by chance the 
matings incorporated into the study may include relatively more of the M x N 
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TABLE 3 
The association between the MN and S blood factors. 
a. All data. 
M MN N Total 
S-positive 31 40 15 86 
S-negative 37 134 49 220 
Total 68 174 64 306 





iP =13 28. D.f. = 2. P < 0.01. 


b. Unrelated individuals. 














M MN N Total 
S-positive 10 12 8 30 
S-negative 18 31 17 66 
Total 28 43 25 96 





X* = 0.49. D.F. = 2. P < 0.50 and > 0.30. 


type than would usually be encountered. On the other hand, there is a ten- 
dency for an excess of MN individuals among MN x M, MN x N, and MN x 
MN marriages. A comparable excess of MN individuals from MN x M and 
MN x MN marriages has been observed by other investigators (review in 
WIENER 1943). There is at the present time no completely satisfactory ex- 
planation of this situation, WIENER (1943) being inclined to attribute this to 
technical difficulties, but TayLor and Prior (1939) feeling it is a real devi- 
ation. 

A second critical test of the association between MN and S lies in a study 
of the children resulting from marriages capable of revealing the presence of 
linkage. Race et al. (1949) observed complete linkage of the two factors in 82 
children resulting from marriages in which linkage could be observed. The 
present family data contain only five marriages capable of shedding light on 
this question (numbers 8, 19, 21, 27, and 28.) These marriages have yielded 
a total of 19 children, one of whom must be excluded from consideration on 
the basis of an ABO blood group incompatibility with the putative parents. 
There is no evidence of recombination among the remaining 18. 

Both the ABO groups and the Rh types of the individuals tested were ob- 
served to be associated in a random manner with the S-reaction. 


DISCUSSION 


The present data are somewhat more equivocal with respect to the rela- 
tion between the MN and the S blood groups than are the results of other 
investigators. As noted above, RAcE, SANGER, and their co-workers have 
suggested on the basis of the data on Caucasian populations two alternative 
explanations for the relation between MN and S. The first is that the S- 
reaction further subdivides the M and N genes into a series of four alleles: 
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M, N, MS, and NS, with frequencies of .279, .384, .256, and .081. If this is 
the correct explanation, then the frequencies of these four genes in Negro 
populations would appear to be different. Thus, utilizing our data on 96 un- 
related persons, the approximate gene frequencies can be calculated by the 
method of maximum likelihood to be: M—.423, N—.407, MS—.093, and 
NS—.077. It will be noted that the combined frequency of MS and NS is 
.170 whereas from the calculations of table 2 the frequency of the S gene 
would appear to be .159. The difference between the two estimates may be 
due in part to the fact that the estimate of table 2 incorporates additional 
persons not utilized in the maximum likelihood estimate. Table 4 is a x’ 
test of the agreement between the observed frequencies of the various pheno- 
types and those calculated on the basis of the approximate maximum likeli- 
hood estimates of the frequency of M, N, MS, and NS. It is apparent that 
the agreement is quite close. 


TABLE 4 


A comparison of the observed frequencies of the various phenotypes in 96 unre- 
lated individuals with the frequencies expected on the basis of the approximate 
maximum likelihood calculations of gene frequency. 





Number Number 





Phenctype observed expected (X-m)?/m 
MS 10 8.3727 0.2648 
M 18 17.1507 0.0401 
MNS 12 14.9391 0.5782 
MN 31 33.0141 0.1229 
NS 8 6.6359 0.2804 
N 17 15.8875 0.0779 
96 96.0000 X? = 1.3643 
D.f. = 2 P Y 0.5 





The second explanation for their results advanced by Race, SANGER, and 
their collaborators is that the gene responsible for the MN reactions is closely 
linked with the gene responsible for the S reaction, so closely that, due pre- 
sumably to the circumstance that the S-gene originated relatively recently in 
a population high in M, the equal association of the S-gene with the M- and 
N-genes which is ultimately to be expected has not yet occurred. If this is 
the case, then the possibility exists that the S-gene has been present for a 
longer period of time in Negroes. Yet the actual genetic linkage may be so 
close that cross-overs will still be exceedingly rare. 

There is, finally, a third possible explanation of the apparent difference 
between the results on Caucasian and Negro populations. The gene respon- 
sible for the sickling phenomenon, almost entirely restricted to Negro popu- 
lations, but occurring there with frequencies of 10 and 20 percent, must, if 
its effects are the same in the African as in the American Negro, either be 
postulated to have a very high mutation rate, or to be positively selected for 
when heterozygous. There is no evidence for the latter possibility. SNyDER, 
Russet and GraHAm (1947) have reported a linkage between this gene and 
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those responsible for the M and N agglutinogens. Should this report be con- 
firmed, and should, on the other hand, the MN and S situation differ in 
ways not yet clearly defined between Negro and Caucasian populations, then 
we may begin to consider the possibility of a structural chromosomal dif- 
ference between the two groups which may be related to the anomalous be- 
havior of the sickle cell gene. 

Whatever the ultimate explanation of the relation between MN and §, it 
seems clear that the proportion of S-positives is significantly lower in the 
Negro population studied than in the Caucasian groups so far examined. 
We have, then, a serological trait of possible value to the anthropologist in 
the definition of human subgroups. Further evidence to this effect is derived 
from the recent studies of SANGER (in press), who found no S-positive 
individuals among a total of 178 Australian aborigines, but 32 S-positives 
among 141 New Guinea natives, the MNS combinations in the latter groups 
being: M—.149; N—.715; MS—.052; NS—.084. 

It can be estimated on various grounds that the average American Negro 
is of approximately one-third white and Indian stock. If the results which 
have been reported thus far are characteristic of Caucasian and American 
Negro populations, we may presume that the frequency of the S-positive 
trait is even lower in the West African Negro population from which the 
forebears of the American Negro were predominantly drawn. An approxi- 
mate calculation is rendered difficult by lack of data concerning the S-reac- 
tions of the American Indian, but if we arbitrarily disregard the American 
Indian element, we may calculate by simple proportionality that if the fre- 
quency of the S-positive gene or allele is 0.33 in Caucasians and 0.15 in 
American Negroes, in African Negroes it should be less frequent, in the 
neighborhood of 0.06. The similarity of this estimate to the above quoted 
figure on the New Guinea natives is noteworthy. 


SUMMARY 


1. The frequency and inheritance of the S-agglutinogen has been studied 
in a group of 306 American Negroes representing 52 family groups. 

2. The distribution of the S-agglutinogen in families is consistent with 
the hypothesis that it is dependent on a dominant gene. The present data are 
equivocal as to whether this reaction serves to subdivide the MN groups so 
that four alleles—M, N, MS, and NS—must be recognized, or whether the 
S gene is merely closely linked with the MN factors. If the S-factor depends 
on an independent gene, then the frequency of S in this group may be esti- 
mated by the method of CoTTERMAN to be .159 + .047 and of s, .841 + .026. 
If it is a matter of four alleles, then their frequency can be estimated by the 
method of maximum likelihood to be M—.423, N—.407, MS—.093, and 
NS—.077. 

3. The differences observed in S-reactions between Caucasian and Negro 
populations suggest that this characteristic is potentially useful in the defini- 
tion of human subgroups. 
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I 


HE sub-tropical fishes that are currently listed in the genus Platy- 

poecilus include two species, P. maculatus Gunth. and P. variatus, hav- 
ing opposite types of sex-determining mechanisms. Variatus is male hetero- 
gametic, while maculatus is female heterogametic. The latter probably includes 
several genetic races or genomes from nature in addition to those that have 
been developed through hybridization and selective breeding. Gorpon (1945, 
1946a) calls attention to ‘“ wild” races of P. maculatus from certain river 
systems in Mexico as being male heterogametic, whereas the races that have 
been investigated prove, without exception, to be female heterogametic 
(Bettamy 1922; Gorpon 1927; Fraser and Gorpon 1929; Kosswic 1928; 
BrEIDER 1936). GorDON suggests, subject to further analysis, that the original 
P. maculatus, which were imported, came from another river system. Other 
fishes of this order are male heterogametic. These include P. variatus (Koss- 
wic 1935; Bettamy 1936), Lebistes reticulatus (ScHmMipt 1920; WiINGE 
1922 a, b), and Aplocheilus latipes (Atpa 1921). 

In P. maculatus all laboratory stocks with a relatively stable or typical 
sex-determining mechanism are XX male—XY female. 

Of the heterosomal genes known in P. maculatus some are multiple alleles ; 
others are very closely linked. All are dominant to the wild-type or + gene. 
The following list contains the genes represented in our laboratory and those 
reported by other workers: 

1. B—black. May be the same as Fu. 


2. Dr—red dorsal fin; may have a red saddle (Kosswic, BREIDER). 
3. Fu—Fuliginosus (Kosswic, BREmDER). Body and fins black. 

4. K—umicro-pulchra. 

5. N—nigra; N‘—thin nigra; N°—extended nigra. 

6. P—pulchra (Sp—Gorpon ). 

7. R—red. 


8. Sb—black-bottom. 

9. Sd—dorsal-spotted. 

10. Sr—stripe-sided. 

11. +—wild-type (Si—Gorpon ). 

The genes B, Dr, K, N, N°, N', P, R, and + are in our laboratory. Nigra, 
Pulchra, Red, Dr and + have been described by GERSCHLER (1914), BELL- 
amy (1924), Gorpon (1927), Kosswic (1928), and Bremer (1936). Fu 
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is described by Brermper (1938). Data and further references on Sb, Sd, and 
Sr are given by Gorpon (1946a). 

The spot-sided gene, Sp, and stripe-sided gene, Sr, described by GorDON 
for material from the Rio Jamapa, produce effects very similar to those of 
genes in P. variatus stocks in our laboratory and which may be carried by 
either the X or Y chromosome (unpublished data). The genes Sr, Sd, and 
Sb are not represented in our P. maculatus unless a mutation (N‘) in a 
Nigra stock represents Sr. It resembles slightly GorpoNn’s (1946a) diagrams 
in figure 12. 

Our data are inconclusive as to whether Dr is a heterosomal or an auto- 
somal gene. The pattern develops late and is highly variable. 

Two mutations have appeared in our Nigra stock. N‘, or thin nigra pattern, 
appeared as a male in 1940. The pattern develops more slowly than the 
regular Nigra. Adult fish may have only several lines of discrete black dots 
along the sides. As the fish ages the characteristic band of the Nigra pattern 
may appear, but it is restricted both in width and length. 

N°, extended nigra, occurred in a female in 1943. In contrast to both N 
and N‘ the black pattern extends from the snout to the caudal fin and com- 
pletely covers the sides of the fish. In extreme individuals it resembles very 
closely another mutation, B, described below. N° may be distinguished from 
B by the narrow separation of the pattern at the mid-dorsal line from the 
dorsal fin to the caudal fin, and by the characteristically different appearance 
of the fins in the B pattern. 

The two genes, B (black) and K (micro-pulchra), have not previously 
been described. Both arose as mutations in our laboratory. One of them, K, 
appeared spontaneously in a Pulchra, or R Sp, strain in 1934. The pattern is 
variable, consisting of from a few to many small groups of macromelano- 
phores. Typically there may be a dozen or so such spots on either side scat- 
tered from operculum to caudal peduncle. Occasionally the spots extend out 
onto the caudal fin. In our stock the pattern is associated with a red back- 
ground color in males and in females with a faint brownish-pink cast, darken- 
ing somewhat with age. The K locus may be identical with or near the locus 
of the other heterosomal genes B, N, and P. In immature fish, and in some 
adults as well, accurate separation of K from not-K requires the use of a 
hand lens. The K mutant is similar to R Sp’ (Red-Spotted’), a weakly spotted 
variety described by Kosswic and BreIper, except that in the K pattern the 
spots are not restricted to the caudal part of the fish. 

The other new gene, B (black), appeared in 1941 in a female among the 
progeny of a female which had been exposed to the electromagnetic field of 
an oscillator operating at a frequency of 113 megacycles per second. Whether 
the mutation was induced by the treatment or occurred independently of it is 
not known. Judging from the fact that the lethal mutation rate in Drosophila 
melanogaster is increased significantly by similar treatment (unpublished 
data) one is inclined to suspect that the treatment had something to do with 
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the appearance of this mutant. The pattern is readily distinguishable from 
Nigra in that the closely grouped macromelanophores extend to the mid- 
dorsal line from the snout to the base of the caudal fin and to the mid-ventral 
line from the anal fin to the caudal. Only a narrow strip of the belly from 
the anal fin forward is unpigmented. The fins are colorless except for the 
dorsal which is slightly tinged with yellow at its base. The dorsal and caudal 
fins are heavily dotted with macromelanophores. ' 

The genotype XgXy intergrades somewhat with XzXg or XgX4, but an 
experienced observer will separate the groups with fair accuracy. Black and 
Nigra segregate sharply as do Black and Micro-pulchra, K. 

These genes occur typically or were first recognized as X-borne dominants. 
Most of them may be transferred to the heterosomal homolog by crossing over 
or translocation. The gene, Sb, obtained by Gorpon from nature was on the 
Y chromosome of a heterogametic male—a situation typical also of the 
Sp gene in P. variatus. 

Reference to sex chromosomes in these fishes is somewhat figurative, since 
the evidence for their existence comes only from genetic data. They have not 
been identified cytologically in our laboratory in spite of serious attempts to 
do so. Ratston (1934), FrieEpMAN and Gorpon (1934), and WickBom 
(1941), who have studied the gonads of several species of these fishes, have 
not identified the heterosomes with any certainty. 

For our purposes, and without attempting to distinguish between multiple 
allelism and very close linkage, we will use the symbols X¢ and Ye or X4 
and Y., to indicate the X and Y chromosomes. The symbol C indicates any 
one of the dominant heterosomal genes, B, K, N, or P, except in special cases 
where it may be desirable to identify the specific color or pattern gene. X+ 
and Y4 represent the unchanged chromosome or locus. 

These several genes are of technical interest chiefly as markers of the X 
and Y chromosomes and the assistance they give in studying the sex-deter- 
mining mechanism. It is with the problem of sex determination that we are 
principally concerned in this report, and especially with data pertaining to 
what appears to be a case of early developmental sex inversion in P. 
maculatus. 


II 


Among the lower vertebrates, P. maculatus displays a relatively stable sex- 
determining mechanism. The several pigment and pattern characters listed 
in the preceding section follow, for long periods of time, the heterosomal 
behavior typical of a female-heterogametic species. The distribution of sex 
ratios in a large series of matings shows wide variation. Figure 1 gives the 
results from 324 matings that matured 20 or more offspring, the average 
number matured per mating being 70. The tabulation is for female propor- 
tions. While the extremes are large, about 90 percent of the matings produced 
a proportion of females, or males, falling between 0.40 and 0.60. Many of the 
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extreme variants from the mean value arise in matings producing the smaller 
number of offspring and from those homozygous for one or other of the 
dominant pattern genes. Homozygosity seems to reduce fecundity. 

That there is some instability in the sex-determining mechanism in these 
fishes is not surprising, in view of the number of “ undifferentiated” races 
that have been reported among fishes and amphibians. Witscu1 (1938, 1942) 
has reviewed these cases, and references to the literature will be found in his 
reports. More recently, according to BuLLoucuH (1947) Liu described a 
condition of the gonads of Monopterus javanensis Lac. indicating herma- 
phroditism. BuLLouGH (1947) presented additional evidence that this species 
is a true hermaphrodite. His findings lend support to the claim of EssENBERG 
(1926), that a functional female Xiphophorus helleri changed to a functional 
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25.30.35 .40 .45 50 55.60 65 .70 75 60 
PROPORTION OF FEMALES 
Ficure 1.—Proportion of females in 324 matings involving heterosomal genes and 
maturing 20 or more offspring. m—0.50 + 0.45. S.D.=8.02 + 0.35. Total number of 
young born, 29,125. Number of individuals matured, 22,863: males = 11,219; females = 
11,644. 


male, a phenomenon that has been reported a number of times on a less firm 
basis by fish fanciers. In our laboratory, female X. helleri, after giving birth 
to young, have metamorphosed late in life to a male-like condition, but such 
“males” have not proved functional. 

In Lebistes, W1NGE (1930) has reported that XX males appeared in cer- 
tain races. Later (1934) he described some “ exceptional females ” with the 
sex genotype XY. Arpa (1930, 1936) obtained XX males and XY females in 
Aplocheilus. Both Lebistes and Aplocheilus are normally XX in the female 
and XY in the male. 

The evidence for some degree of instability in the sex-determining mecha- 
nism of P. maculatus comes from several sources: 1. The rare occurrence 
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in our laboratory of exceptional males that appear to be XY. Brerper (1942) 
described the breeding behavior of an exceptional male which may be identical 
in origin with our XY males. Gorpon (1946b, 1947) reported an XX male 
in P. maculatus collected from nature. According to Gorpon, wild P. macu- 
latus is XY male—XX female. 2. The occasional appearance of over-size 
females in which the gonad is small or absent. 3. The relatively high frequency 
of atypical sex ratios in hybrids between P. maculatus and P. variatus and 
between P. maculatus and X. helleri. 4. A type of crossing over between the 
heterosomes that appears to involve sex determining factors and which in- 
creases the frequency of XY-type males by a considerable factor. 

While we are interpreting the exceptional wild-type XY males as early 
sex inversions, it should be made clear that the evidence we now report is 
from genetic behavior. The cytological and histological work on the gonad 
remain to be done. 

Wotr (1931) found evidence of sex differentiation of the gonads in P. 
maculatus in late embryonic life. If, as we have assumed, the exceptional 
XY males are attributable to early sex inversions, it is highly improbable, 
because of their rarity, that definitive evidence will be found of their exist- 
ence in early stages. 


IT] 


Tables 1 and 2 summarize the results of matings in which we can detect 
males with the presumed female sex genotype as well as crossing over be- 
tween the heterosomes. In matings of XcY; 2x X4X4¢ (table 1) we can 


TABLE 1 


Summary of the results of matings in which all of the exceptions may be detected. 











Parents XcY, 9 Li. £ 
Offs pring X,Y, 9 XX, F Exceptions 
Gg + 
2,679 2,734 13 14 
Proportions 492 -503 -0024 -0026 





detect all of the exceptions, whether of the XY-male type or those resulting 
from heterosomal crossing over. When the mating is XcY 2x XcY+ 
(table 2) and C represents the same gene, half of the male and none of the 
female exceptions are distinguishable. If, however, suitable different marker 
genes are used in the male and female parents, female exceptions will also be 
distinguishable. 

The approximate equality of exceptional males and females in both tables 
1 and 2 will suggest reciprocal crossover classes. Testing of the exceptions, 
however, shows that they fall into about four groups: (1) males that breed 
as though they had the female sex genotype, XY ; (2) males and females that 
breed as typical heterosomal crossovers; (3) sterile types in both sexes; 
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TABLE 2 


Summary of the results of matings in which one-half of the exceptions 
may be detected. 








Parents XcY, Q XcX, roi 
Offspring XcY, 9 X,Y, 9 XcXc F Exceptions 
XcX, ¢ CQ +o 
4,333 1,350 2,590 9 6 
Proportion Pp * | 49 -0017 -0011 





(4) crossover females that give a relatively high proportion of XY-type 
males. In general, sterility means only that the individual failed to produce 
young. It is not known whether the exception or its mate was sterile, although 
wherever possible the exceptions were tested with a number of mates. One 
group of exceptional females was conspicuously larger than is typical for P. 
maculatus, and the gonads were very small or absent. The several kinds of 
exceptional males are summarized in table 3. The females are to be described 
in a subsequent report. Table 4 lists the exceptional males by number and 
gives data on the types of matings in which they originated, their phenotypes 
and genotypes where known. 


TABLE 3 


Types of exceptional males. 





XX 


XY 
(crossovers) 


**Sterile’’ Not tested ‘Total 





7 6 5 6 24 





Males of the XY-type were tested with Nigra females, unrelated + females 
and with their + daughters (tables 5, 6, and 7). Combining the results from 
tables 5, 6, and matings 1573, 1574B, 1578, 1580, 1631, 1632 of table 7 gives 
a total of 1025 females and 368 males, or a proportion of 0.74 to 0.26. In 
addition to the 3:1 sex ratio, the exceptional males, when mated to Nigra 
females (table 5), produce Nigra daughters in the proportion of about 0.25, 
and about half of the + daughters are either sterile, or, when mated to any 
male, produce only female offspring. 

The data rationalize readily on the assumption that the exceptional males 
tested in the matings summarized above have the female sex genotype, XY 
(tables 5 and 6). If the assumed genotype of the exceptional males is correct, 
we expect that all of the offspring except the YY combination will breed 
typically, which they do. We anticipate further that the YY genotype will 
produce only daughters whether mated to an XX or an XY male. 

The two genotypes of + females, XY and YY, cannot be identified except 
by test matings. Eighty-seven of the + daughters have been tested. Of these 
39 failed to produce young, 6 produced less than 6 young, while 42 produced 
a total of 2538 mature offspring, or an average of 60 young per female. Of 
the 48 females which produced young, the progenies of 24, which were tested 
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TABLE 4 


The exceptional males. 





Type of mating 





No. Origin Su 2 Phenotype Genotype Remarks 
1 89 XnNY, XpyXy + ? 
2 42.2 29, Sgt; + ? 
3 44.2.1 XpY, XpX, + ‘} = —* 
4 4421 ZpY, XX, + ? 
5 317 X,Y, XpXp + ? Reported as non-disjunction 
(Bellamy 1933) 
6 537 XyY, XyX, + ? No offspring, numbers 1-6 
7 916 XyY, X,X, + X, Y4 
8 914 Xy¥, %X + 2%. 
9 1206 XyY, X4Xy + ? No offspring 
10 1206 XyY, X4Xy + ? No offspring 
i’. ie, ae a . “% 
2 ne ey 5 + ? No offspring 
so 2M KY, %% + %.¥e 
14 1293 XnYy X4Xy + X, X, A crossover 
15 1293 XnYy Xp Xyq + ? No offspring 
16 1293 XnyYy X4Xy + ? Died before mating 
17 1476 XyY, X,Xy + X+ Y+ 
18 1491 X,Y, XyX4 + +2. 
i 1448 X,Y, XpXxK + X, Xy A crossover (?) 
20 1551 XnNY+ X+ X+ 63 X4 Xy A crossover 
21 1694 XyY¥gp  XxKXy B Xx¥p 
22 1772 X,YxK X,Xy K XKX, A crossover (reverse) 
23 1818 X,Y, XX} + X, Xy A crossover 
24 1791 X,Y¥pRo X X+ K XKX+ A crossover (reverse) 





with XX males, gave a normal sex ratio of 966 females to 915 males, or 0.51 
to 0.49. The eleven matings which produced only daughters are tabulated 
separately in table 8. 

It will be noted that when the test mating uses a + female from a Nigra 
mother, the probability of picking a YY daughter is 0.5, but when a + female 
from a + mother is used, the probability of picking a YY daughter is 0.33. 

Testing of the + daughters demonstrates the YY genotype but leaves doubt 
about the cause of the relatively low fertility in this group of matings. From 
table 9, which compares the results of the tests of + daughters from both 
Nigra and wild-type mothers, it is seen that about 45 percent of these matings 
are sterile. Laboratory experience indicates that about 22 percent of P. 
maculatus matings fail to produce young. For example, in one series of 295 
matings which produced 16,254 young, 65 matings were sterile. The 230 
productive matings averaged 71 offspring each. In comparison, 24 + females 
from X¢Y + mothers (table 9) produced 1147 young, an average of 48 per 
productive mating. Similarly, 24 matings of + females from X4Y4 mothers 
produced 1403 offspring, averaging 58. 
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TABLE 5 
Matings of wild-type XY males with Nigra females. 











Parents XnY, P X,Y, s 
Offs pring XnY, Q XY 9 XpyX4 of 
Y+ Yy 9 
Exceptional ¢ Mating number 
No. 8 61 105 41 1052, 1152, 1153 
11 1 62 22 1321, 1427 
13 52 77 59 1435 
13 6 23 16 1528 
17 3 11 7 1590 
Totals 139 278 145 2 





The lowest number, 6, of matured young chosen for inclusion with the 
“certainly YY” category is based on a probability of .64 of being correct. 
There was only one mating having this small number of matured young. 

We wish to know now what proportion of the nonproducing females may 
be YY. For the 20 “ sterile” females from XcY 4 mothers, 22 percent, or 
about 10, are expected on the basis of laboratory experience to be sterile. 
Assume that half of them are XY and half YY. On the basis of low fer- 
tility assume that the remaining 10 are YY. This will give 15+ 5 =20 XY and 
5+5+10=20 YY. A similar estimate applied to the 19 sterile daughters from 
X,Y mothers, but taking into account the 2:1 theoretical proportion of 
XY and YY, gives an assumed proportion of 22 XY and 19 YY. The ex- 
pected proportion is about 28: 14. 

Although the YY genotype is well demonstrated by these data, the actual 
proportions of XY and YY genotypes, chi-square = 5, are significantly dif- 
ferent from expectation for a 50-50 distribution of XY-YY. Where the 
expected proportion of XY: YY is 2:1 the agreement is fair. The number of 
cases is, however, too small to give much significance either to the departure 
from or agreement with expected results. 


TABLE 6 
Matings of wild-type XY males with unrelated wild-type females. 














Parents X,Y, 9 X,Y, ¢ 
Offs pring X,Y,9 X4X, do 
X,Y, Q 
Y,Y,9 
Exceptional ¢ Mating number 
No. 7 93 42 1051 
8 71 37 1053, 1199 
13 146 43 1573A, 1573B, 1574B 
1578A, 1427 
18 76 29 1631, 1632 


Totals 386 151 
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TABLE 7 
Matings of wild-type XY males with their wild-type daughters. 








Parents + Q (from XY father) X,Y, of 
Offspring +9 +f Mating number 
62 15 1573 
9 0 1574A 
68 19 1574B 
18 0 1575 
i 2 1578 
9 7 1580 
46 15 1631 
30 14 1632 
Totals 249 72 





The daughters of YY females presumably should be XY and breed nor- 
mally. Sixty-one have been tested. Of these, 21 or 34 percent failed to produce 
young. The remaining 40 matings produced 3309 young from which 1402 
females and 1463 males matured. 

The mating of XY males with their YY daughters looks at first sight as 
though we had evolved a male heterogametic strain from one that is female 
heterogametic. The mating turns out, thus far, to be relatively uninterest- 
ing, since, as will be expected, only daughters are produced, which in turn 
breed typically for this species. Matings 1574A and 1575 (table 7) probably 
represent this kind of mating. 

Of the 27 females from matings 1574A and 1575, 22 were mated. Three 
produced offspring. One of them produced only two young. The other two 
produced a total of 351 offspring and the results are tabulated in table 10. 

It is assumed that the female used in 1742 was either XY or XY and that 
the one used in 1743 was either YY or YY, where Y indicates the Y chromo- 
some from the XY father. 


TABLE 8 
Test matings of + daughters of XY fathers which produced only daughters. 





Number matured 








Mating No. Number of young born 

9 g 
1339 27 25 0 
1344 77 65 0 
1347 82 71 0 
1368 43 39 0 
1401 19 19 0 
1403 19 17 0 
1412 10 9 0 
1367 6 6 0 
1743 112 85 0 
1574A 10 7 0 
1575A 21 18 0 
Totals 426 363 0 
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TABLE 9 
Test for XY or YY females. 








From XcY, mothers giving a 0.5 
probability of detecting the 
YY genotype 


From X,Y, mothers giving a 0.33 
probability of detecting the 
YY genotype 











‘ : Number of Number of 
aentings *, =a test Percent Offspring test Percent Offspring 
poesac ing: matings matings 
No young 20 45 0 19 eo 0 
Under 6 4 9 , 2 5 5 
6 or more 20 45 1,140 22 51 1,398 
44 1,147 43 1,403 


Number of females found having 
the genotype: 


Number of females found having 
the genotype: 





XY ¥Y XY ¥Y¥ 

15 5 16 6 
Expect. 10 10 14.7 79 
Chi-square 5 -346 





The reader will have noticed an apparent inconsistency in these tabula- 
tions and will ask how it is that the genotype of any exceptional male can 
be written XY when the same genotype is labeled female in his offspring. 
The empirical answer is that if we accept the proposition that exceptional 
males breed as though they were XY, that is, are of the female sex genotype 
and arise by some process of early sex inversion, the data demand the formu- 
lation as given. This fact, however, does not preclude the use later of a 
more complete and perhaps more adequate explanation. 

BrEIDER (1942) described a male that may have a similar or perhaps 
identical origin with our wild-type XY males. One of his matings gave 51 
female to 13 male offspring. The male was interpreted as being XY (WZ in 
3REIDER’s terminology) with the genes Dr on the X and RSp on the Y 
chromosomes. The female to which this male was mated carried the R gene 
on the Y chromosome. The mating of XY 
male x XY female should produce a sex ratio of 3 females to 1 male as our 
data show. BREIDER indicated in his table 2 the occurrence of YY (WW) 
females. 


on her X chromosome and 


Had it been possible for him to have bred these females it seems 


TABLE 10 
Test matings of F, females {rom mating numbers 1574A and 1575 (table 7). 











Parents 7. +9 XKX4 3 

Number born K + é Mating number 
239 49 40 Pi 49 1742 
112 46 39 0 0 1743 
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probable that he, too, would have obtained a unisexual female progeny, thus 
confirming the YY (WW) genotype listed in his table 2. 

According to Bremer (1942), Rust, in 1939, called attention to the ap- 
pearance of ZW males in P. maculatus, but did not have the opportunity to 
breed these exceptional males. 

Recently, we have obtained an X Y-type male with color genes in both the 
X and Y chromosomes. Data from certain test crosses are not yet complete. 
Since the XxYzz male (No. 21, table 4) appeared in a line derived from a 
female exception, it will be more convenient to discuss this case, as well as 
the data on crossing over, in the report on exceptional females. 


IV 


In accounting for the wild-type XY males, explanations will necessarily 
meet at least four conditions required by the data: (1) a sex ratio of 3 
females to 1 male in the F; generation; (2) the appearance of Nigra daugh- 
ters when the XY male is mated to a Nigra female, XyY +; (3) the typical, 
or expected breeding behavior of all tested offspring; and, (4) the occur- 
rence of YY daughters which produce a unisexual female progeny, all of 
which breed typically. 

As previously mentioned, the approximate equality of male and female 
exceptions suggests reciprocal crossover classes, and, in fact, some of the 
exceptions tested do breed as heterosomal crossovers (table 4). To explain 
the wild-type XY male on the basis of crossing over between the X and Y is, 
however, extremely difficult. One is forced to label the same genotype in the 
offspring as female. Similar difficulties are encountered when reciprocal 
translocation is used. 

The kind of mating in which the exceptional males and females are de- 
tected, and the sterile types in both sexes suggest nondisjunction. One male 
was reported as a nondisjunctional exception (BELLAMy 1933). 

If we assume that nondisjunction of the sex chromosomes occurs in an 
XyY. female in the mating XyY female x X,X. male, the nondisjunc- 
tional gametes (XyY4) and (O) are expected, giving the additional geno- 
types XyX,Y4 and X,O. (See table 1 for data to be explained.) If the 
genotype XyX;Y¥4 is male it would be indistinguishable from the regular 
Nigra males that occur. X +O might be female. This scheme does not account 
for the exceptional + male. If X,O differentiates as a male, and is mated to 
an XyY4 female, there will be phenotypic agreement with the data of table 
5. XyO must now be labeled female. We started, however, with the assump- 
tion that XO is male. 

If nondisjunction occurs in the male in the same type of mating, XvY4 
female x XX, male, the offspring will include the expected XyX 4 males 
and X,Y, females and the additional genotypes X,X4Xy, XwO, X4X,Y4 
and YO. We can assume that X;X,Y4 is the exceptional male and is 
mated to a Nigra female, XyY 4. If both XX and XY synapses occur and all 
zygotes are viable, we expect the following genotypes: 
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N female + female N male + male 
*XyY, *X,Y, *XyX, X, X,Y, 
X,Y, Y, XX, Y, 
*y, Y, XXX, 
139 278 145 0 


Starred genotypes have been demonstrated genetically. No phenotype cor- 
responding to XXY males appears. In order to fit the data it is necessary 
to assume that from either XX or XY synapsis, or both, only X and Y 
gametes function. While the possibility cannot be denied that such a process 
occurs we have no evidence to support it. 

An analysis based on autosomal nondisjunction with sex-determining genes 
in the autosomes leads to similar results. Additional assumptions are re- 
quired to account for the appearance or nonappearance of certain classes of 
offspring. 

We have, of course, given much thought to the classical theories of sex 
determination and the many modifications of them that have been proposed 
by investigators in this field. Considering the difficulties of satisfying the 
four conditions mentioned on page 103, we are not attempting to devise still 
another modification on the basis of the information presented in this report. 
Until an analysis of the data on female exceptions and current test crosses 
is complete, we can use for P. maculatus the simple formulation: MM = male, 
MF = female, where F > M. It is not unreasonable to anticipate finding in 
this relatively primitive group a number of modifications of the sex-deter- 
mining mechanism. If this is true, attempts at reconciling the data from 
the several species that have been studied in terms of one sex determining 
mechanism will be fruitless. It will be time enough to re-examine this prob- 
lem of sex-determinirig mechanisms and their evolution in fishes when more 
of our own and other data are available. 

On the assumption that an occasional XY zygote (1 in about 1800) dif- 
ferentiates as a male, the data fall readily into line, both as regards expected 
genotypes and ratios. A minor discrepancy may be involved in accounting, 
on this basis, for the lowered fertility of YY females. The explanation also 
leaves us dissatisfied in that the factor or factors responsible for altering the 
direction of sex differentiation are not specified or apparent. It may be that 
some factor in the embryonic environment, stimulates the medullary portion 
of the early gonad to more rapid growth and differentiation, leading to the 
development of a testis rather than an ovary. If this is true we would have 
presumptive evidence of hormone activity in the embryonic gonad. Moore 
(1941), however, failed to find evidence of hormone elaboration by the 
gonads of the embryonic opossum. 

Likewise, if we are dealing with any form of inversion beyond a very early 
developmental stage, it would not be unreasonable to expect the occurrence 
of occasional intersexes. We have yet to recognize an intersex in P. maculatus 
among approximately 50,000 specimens handled in the past 28 years. Inter- 
sexes are, however, of fairly frequent occurrence in certain hybrid crosses 
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involving P. maculatus—P. variatus, ?. maculatus—Xiphophorus helleri, and 
P. variatus—Xiphophorus helleri (BELLAMY 1936, and unpublished data). 
V 

A more complete discussion of the sex-determining mechanism in these 
fishes is reserved until the data from current test matings are completed, and 
until several additional reports dealing with atypical behavior in the female 
of P. maculatus and with hybrids between P. maculatus and P. variatus, P. 
variatus and X. helleri, and P. maculatus and X. helleri can be completed. 
In the meantime a few comments and tentative conclusions are in order. 

1. P. maculatus, being female heterogametic, is unique among Poeciliinae 
studied in the laboratory. All of the other species appear to be male hetero- 
gametic. A possible exception is a laboratory race of Lebistes reticulatus 
developed by WinGeE (1930) and which breeds as a female heterogametic 
form. Other known male heterogametic fishes include P. variatus (Kosswic 
1935; BELLAMy 1936), Lebistes reticulatus (ScHMipt 1920; WinGcE 1922a, 
b), and Aplocheilus latipes (Apa 1921). 

2. It is not unreasonable to conclude that P. maculatus has evolved from 
male heterogametic forms. In fact, if GorpoN’s report (1946a, 1947) proves 
to be taxonomically correct, male heterogametic P. maculatus now exist in 
certain Mexican river systems. 

3. Provisionally, we can write the sex genotype of P. maculatus in classical 
terms as MM, male and MF, female in which F > M. An alternative for- 
mulation also can be used: MMFF=male, MmFF = female, where F is 
autosomal and M is greater than F but less than FF. We have no evidence 
thus far of autosomal sex genes in P. maculatus and have avoided the more 
complex terminology primarily because of the regular and systematic be- 
havior of segregates from wild-type XY males and because the simpler termi- 
nology has been adequate. 

4. The absence of atypical breeding behavior among the offspring of the 
XY males of a sort associated with one or other of the known types of chro- 
mosome aberrations, or quantitative differences in autosomal factors forces 
the conclusion that, in this case, we may not be dealing directly with the 
genetic mechanism of sex determination as such but with a developmental 
aspect of sex differentiation. Whether or not the developmental inversion has 
a genetic basis, in the conventional sense, or is attributable to a recurring 
environmental factor such that every female has a certain probability of 
completing its development as a male, remains to be determined. A systematic 
study of the matter may furnish an answer. One pilot experiment involving 
about 12 gravid females has been completed in which the females were 
treated with methyl testosterone shortly after fertilization but without effect 
on the frequency of exceptional males. 


SUMMARY 


Results from a series of 324 matings involving heterosomal genes in Platy- 
poecilus maculatus are summarized. Several kinds of male and female ex- 
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ceptions appear. The proportion of male exceptions of all kinds is .0026, 
and of female exceptions, .0024. 

A type of exceptional male occurs which is not readily explained in terms 
of chromosome aberrations, modifying factors or mutation. In the first gen- 
eration offspring from such males a sex ratio of 3 females to 1 male is 
obtained. About one-third of the females breed as though they were YY and 
produce only daughters. These daughters breed typically but are less fertile 
than normal females. All other offspring breed normally. These exceptional 
males appear to be a result of early sex inversion. 


LITERATURE CITED 


Ama, T., 1921 On the inheritance of color in a fresh water fish Aplocheilus latipes, 
Temmick and Schlegel, with special reference to sex linked inheritance. Genetics 6: 
554-573. 

1930 Further genetical studies of Aplocheilus latipes. Genetics 15: 1-16. 
1936 Sex reversal in Aplocheilus latipes anda new explanation of sex differentiation. 
Genetics 21: 136-153. 

Bettamy, A. W., 1922 Sex-linked inheritance in the teleost Platypoecilus maculatus 
Giinth. (Abstract) Anat. Rec. 24: 419-420. 

1924 Bioncmic studies on certain teleosts (Poeciliinae). I. Statement of problems, 
description of material, and general notes on life histories and breeding behavior 
under laboratory conditions. Genetics 9: 513-529. 

1933 Bionomic studies on certain teleosts (Poeciliinae). III. Hereditary behavior 
of the color character, gold. IV. Crossing over and non-disjunction in Platypoecilus 
maculatus Giinth. Genetics 18: 522-534. 

1936 Inter-specific hybrids in Platypoecilus: One species ZZ-WZ; the other XY- 
XX. Proc. nat. Acad. Sci. 22: 531-536. 

Breiper, H., 1936 Eine Allelenserie von Genen verschiedener Arten. Z. I. A. V. 72: 
80-87. 

1938 Die genetischen, histologischen und zytologischen Grundlagen der Geschwulst- 
bildung nach Kreuzung verschiedener Rassen und Arten lebendgebarender Zahn- 
karpfen. Z. Zellforsch. 28: 784-828. 

1942 ZW-Mannchen und WW-Weibchen bei Platypoecilus maculatus. Biol. Zbl. 
62: 187-195. 

Buttoucn, W. S., 1947 Hermaphroditism in the lower vertebrates. Nature 160: 9-11. 

Essenserc, J. M., 1926 Complete sex-reversal in the viviparous teleost Xiphophorus 
helleri. Biol. Bull. 51: 98-111. 

Fraser, A. C., and M. Gorpon, 1929 The genetics of Platypoecilus. II. The linkage 
of two sex-linked characters. Genetics 14: 160-179. 

FrrepMAN, B., and M. Gorpon, 1934 Chromosome numbers in xiphophorin fishes. 
Amer. Nat. 68: 446-455. 

GerscHLer, M. W., 1914 Uber alternative Vererbung bei Kreuzung von Cyprinodon- 
tiden-Gattungen. Z. I. A. V. 12: 73-96. 

Gorpon, M., 1927 The genetics of a viviparous top-minnow Platypoecilus; the inherit- 
ance of two kinds of melanophores. Genetics 12: 253-283. 

1945 The XY sex-chromosomes determine maleness in wild populations of Platy- 
poccilus maculatus while WZ determines femaleness in domesticated breeds of 
the same species. (Abstract) Genetics 30: 6-7. 

1946a Interchanging genetic mechanisms for sex determination. J. Hered. 37: 307- 
320. 

1946b Sexual transformation of a genetically constituted female fish (Platypoecilus 
maculatus) into a functional male. (Abstract) Anat. Rec. 94: 348. 

















INHERITANCE IN PLATYPOECILUS 107 


1947 Genetics of Platypoecilus maculatus. 1V. The sex determining mechanism of 
two wild populations of the Mexican platyfish. Genetics 32: 8-17. 

Kosswic, C., 1928 Uber Kreuzungen zwischen den Teleostiern Xiphophorus Hellert 
und Platypoecilus maculatus. Z. I. A. V. 47: 150-158. 

1935 Genotypische und phinotypische Geschlechtsbestimmung bei Zahnkarpfen. V. 
Ein X (Z)-Chromosom als Y-Chromosom in fremdem Erbgut. Arch. Entw.-mech. 
133: 118-139. 

Moore, Cart R., 1941 On the role of sex hormones in sex differentiation in the opossum 
(Didelphys virginiana). Physiol. Zool. 14: 1-47. 

Ratston, E. M., 1934 A study of the chromosomes of Xiphophorus, Platypoecilus and 
of Xiphophorus-Platypoecilus hybrids during spermatogenesis. J. Morph. 56: 423-443. 

Scumit, J., 1920 Racial investigations. 1V. The genetic behavior of a secondary sexual 
character. C. R. Lab. Carlsberg 14: 1-12. 

Wicxsom, T., 1941 The sex chromosomes of Cyprinodontidae and of teleosts in general 
with a list of new chromosome numbers of Cyprinodontidae. Ark. Zool. 33: 1-6. 
Wince, O., 1922a. A peculiar mode of inheritance and its cytological explanation. J. 

Genet. 12: 137-144. 

1922b One-sided masculine and sex-linked inheritance in Lebistes reticulatus. J. 
Genet. 12: 145-162. 

1930 On the occurrence of XX males in Lebistes, with some remarks on Aida’s 
so-called ‘“‘non-disjunctional” males in Aplocheilus. J. Genet. 23: 69-76 

1934 The experimental alteration of sex chromosomes into autosomes and vice 
versa, as illustrateed by Lebistes. C. R. Lab. Carlsberg 21: 1-49. 

Wirscul, E., 1939 Modification of the development of sex in lower vertebrates and in 
mammals. Sex and internal secretions, Chapter 4, 145-226. 2nd ed. Williams and 
Wilkins, Baltimore. 

1942 Hormonal regulation of development in lower vertebrates. Cold Spring Harbor 
Symp. Quant. Biol. 10: 145-151. 

Worr, L. E., 1931 The history of the germ cells in the viviparous teleost Platypoecilus 

maculatus. J. Morph. 52: 115-154. 











INFORMATION FOR CONTRIBUTORS 

Contributors to GENETICS may be in the field of genetics proper, 
or in any scientific field, if of such a character as to be of primary 
genetic interest. 

The length of manuscripts will be limited to twenty-five printed 
pages (about twelve thousand words) except by special vote of the 
Editorial Board. In case unusually extensive tabular matter cannot 
be printed, it will be kept on file on request, provided two copies 
are furnished by the author. 

The Galton and Mendel Memorial Fund established in 1923 from 
donations of biologists and other persons interested in the progress 
of biological discovery is available to cover the cost of reproducing 
colored and halftone plates and of printing expensive tables. 

Authors should prepare their manuscripts so as to conform to the 
general usage in GENETICS, particularly in regard to references to 
literature, arrangement of “ Literature Cited” and inclusion of a 
summary. In case of “ Acknowledgments,” these should follow the 
““Summary.” Footnotes should be avoided in the text whenever 
possible and their content be inserted, in parentheses, after the ap- 
propriate sentence. Footnotes to tables should be marked with an 
asterisk, dagger, or other symbol so as not to be confused with the 
figures in tables. Legends for figures and plates should be type- 
written separately from the illustrations. In addition to the original 
illustrations photographic copies should accompany the manuscript. 
Tables also should be type-written separately. The metric system 
should be used whenever possible. 

Galley proofs and page proofs will be sent to authors, except in 
case of authors resident overseas who, in general, will receive galley 
proofs only. Authors should leave forwarding directions whenever 
they are to be away from the address sent with the manuscript. 

Genetics furnishes 50 reprints, without covers, free. Covers and 
additional reprints may be secured at cost. 

Manuscripts and editorial correspondence should be addressed to 
the Editor of GENETIcs, Department of Zoology, University of 
California, Berkeley 4, Calif. 





GENETICS Vol. 36 No. 1 


JANUARY, 1951 





CONTENTS OF PRECEDING ISSUES 


MAY, 1950 


SuizyNsk1, B. M., Partial breakage of salivary 
gland chromosomes. 

DoszHANsky, TH. Genetics of natural popula- 
tions. XIX. Origin of heterosis through 
natural selection in populations of Drosoph- 
ila pseudoobscura. 

GriFFING, Bruce. Analysis of quantitative 
gene action by constant parent regression 
and related techniques. 

KHAMBANONDA, IAN, Quantitative inheritance 
of fruit size in red pepper (Capsicum fru- 
tescens L.). 

Preer, JouHn R., Microscopically visible 
bodies in the cytoplasm of the “ Killer” 
strains of Paramecium gurelia. 

Focte, H. W., and T. M. CurreNnce, The 
inheritance of fruit weight and earliness in 
a tomato cross. 

Raut, Caro.ine, The effect of concentration 
of pantothenate on selection of a mutant 
for pantothenate synthesis on Saccharo- 
myces cerevisiae. 


JULY, 1950 


Concer, ALAN D., and Norman H. Gres, 
Jr., The cytogenetic effect of slow neutrons. 

Brrecer, F. G., The genetic basis of heterosis 
in maize. 

BuRNHAM, C. R., Chromosome segregation in 
translocations involving chromosome 6 in 
maize. 

GersTEL, D. U., Self-incompatibility studies in 
Guayule II. Inheritance. 


SEPTEMBER, 1950 


Jones, Donatp F., The interrelation of plas- 
magenes and chromogenes in pollen produc- 
‘tion in maize. 

Rocers, JoHN S., The inheritance of photo- 
periodic response and tillering in miaize- 
teosinte hybrids. 

Rocers, JoHN S., The inheritance of inflores- 
cence characters in maize-teosinte hybrids. 
Hanson, W. D., and H. H. Kramer, The 
determination of linkage intensities from Fa 
and Fs genetic data involving chromosomal 

interchanges in barley. 

Hucues, Morris B., and Ernest B. Bascock, 
Self-incompatibility in Crepis foetida (L.) 
subsp. rhoeadifolia (Bieb.) Schinz et Keller. 

Komal, Taku, MITsusHIGE CHINO and Yasus! 
Hostno, Contributions to the evolutionary 
genetics of the lady-beetle, Harmonia. I. 
Geographic and temporal variations in the 
relative frequencies of the elytral pattern 
types and in the frequency of elytral ridge. 


NOVEMBER, 1950 


Newcomse, H. B., and M. H. NyHotm, The 
inheritance of streptomycin .resistance and 
dependence in crosses of Escherichia coli. 

Crow, James F., and Wirxt1am C. Roserts, 
Inbreeding and homozygosis in bees. 

FuLLer, JOHN L., CLarice Easter and Mary 
E. SmitH, Inheritance of audiogenic seizure 
susceptibility in the mouse. 

Brites, W. E.. W. H. McGrpson and M. R. 
Irwin, On multiple alleles affecting cellular 
antigens in the chicken. 

Abstracts of papers presented at the 1950 
Meetings of the Genetics Society of America. 

INDEX TO VOLUME 35. 





SINGLE NUMBERS $1.50 


ANNUAL SUBSCRIPTION $8.00 


obtainable from 


BROOKLYN BoTANIc GARDEN, BROOKLYN 25, NEw York 








